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Foreword 



THE Cyclopedia of Drawing has been prepared with the 
special object of giving the beginner and the self-taught 
practical man, a working knowledge of the principles which 
underlie all branches of drawing so he may know how to read 
and make drawings intelligently. 

C Th© importance of drawing in the general plan of education is 
receiving wider and wider recognition. Few are the public schools 
which do not now teach it even in the primary departments. It is 
the universal language in which the peoples of all lands may com- 
municate with each other, — and it is essentially the language of 
the architect and the engineer. Through it he communicates his 
noble designs, or his wonderful inventions, to his workmen for 
execution. As a cultural study drawing is of great value to every 
person who would lay any claim to a liberal education, teach- 
ing symmetry, beauty and exactness, and training the eye not 
only to see but to observe. 

€L A broad knowledge of drawing is therefore of vital importance 
to the draftsman, mechanic or young engineering student who is 
ambitious to advance in his chosen field. Unfortunately class room 
or even correspondence instruction is in many cases out of question, 
and thus many promising young men are left entirely without the 
means of gratifying their ambition. 



CL It is primarily for this class that the Cyclopedia of Drawing 
was published. It is based on the methods which the American 
School of Correspondence has developed and employed so success- 
fully for many years in teaching drawing. It is compiled from 
the most valuable instruction papers of the School, selected, 
arranged and especially prepared for home study by a staff 
of experts *aud practical men, each an acknowledged authority 
in his specialty. 

€L The Cyclopedia has the unique advantage of having been 
revised and critically tested by actual use before being published, 
the individual instruction papers from which it is compiled 
having been studied and criticised by thousands of students 
in all parts of the world before being used in this work. In 
this way every obscure point, every small error so usual in 
technical books, has been discovered and corrected and many 
valuable practical suggestions incorporated. 

C Parts I and II are devoted to the artistic or architectural side 
of drawing. Part III to drawing for engineers and mechanics, and 
Part IV, to drawing for sheet metal workers. 

CL The work as a whole is intended to form an authoritative, 
ready reference work on the broad general subject of drawing, 
and as such should prove a valuable acquisition to the general 
as well as the technical library. 

€L Each section has been prepared by an authority on that 
particular subject, — ^practicing architects, practical engineers, and 
teachers in the foremost engineering schools. 

C, Every section is profusely illustrated by drawings, sketches 
and valuable tables prepared especially for this work, and at the 



end of each section there is an examination to test the reader's 
knowledge, thus combining the advantages of a text book with 
a reference book. 

^ The inetmction papers comprising the various sections are pre- 
sented in exactly the same form as they are iieed in actual instruc- 
tion as the purpose of the work is to bring to men who cannot take 
a correspondence course some of the benefits of the American School 
of Correspondence instruction, and through them to acquaint the 
public with the method and high standing of its instruction. 

C In conclusion gratefnl acknowledgment is due to the staff of 
authors and collaborators. Without the hearty co-operation of 
these men of wide experience and acknowledged ability, tliis 
work would have been impossible. 



THIS VOLUME CONSISTS OF FIVE OF THE TWENTY- 
FIVE REGULAR INSTRUCTION PAPERS IN THE SHEET METAL 
PATTERN DRAFTING COURSE OF THE AMERICAN SCHOOL 
OF CORRESPONDENCE, ARRANGED IN CONVENIENT FORM 
FOR READY REFERENCE BUT NOT IN THE ORDER 
USUALLY STUDIED. 

THESE INSTRUCTION PAPERS ARE PREPARED BY 
ACKNOWLEDGED AUTHORITIES AND REPRESENT YEARS 
OF PREPARATION TO ADAPT THEM 10 HOME STUDY. 

THE INSTRUCTION PAPERS OF THE AMERICAN 
SCHOOL OF CORRESPONDENCE ARE NOT FOR SALE TO 
THE PUBLIC. THE PRESENT EXCEPTION IS MADE FOR 
THE PURPOSE OF ACQUAINTING PEOPLE INTERESTED IN 
DRAWING WITH THE THOROUGHNESS OF THE INSTRUC- 
TION OFFERED. IN THE HOPE THAT THE OPPORTUNITY 
FOR PERSONAL EXAMINATION THUS OFFERED WILL LEAD 
THE READER TO CONTINUE HIS STUDIES IN THE SCHOOL. 

ALTHOUGH REPRESENTING ONLY A SMALL PORTION 
OF THE COMPLETE COURSE, IT IS CONFIDENTLY BELIEVED 
THAT THIS VOLUME HAS SUFFICIENT MERIT IN ITSELF 
TO MAKE IT OF IMMEDIATE VALUE TO EVERYONE 
INTERESTED IN ANY FORM OF DRAWING. 



EXAMINATION QUESTIONS 

FOLLOWING EACH SECTION ARE THE QUES- 
TIONS OR PLATES WHICH CONSTITUTE THE 
REGULAR EXAMINATION OF THE AMERICAN 
SCHOOL OF CORRESPONDENCE. THEY OFFER 
THE READER A MEANS OF TESTING HIS 
KNOWLEDGE OF THE SUBJECTS TREATED. 

INABILITY TO ANSWER THESE QUESTIONS, 
OR TO SOLVE THE PROBLEMS, WILL SERVE TO 
SHOW THE NECESSITY FOR FURTHER STUDY. 

THE READER IS URGED TO SOLVE EVERY 
PROBLEM. CHECKING HIS RESULTS WHEREVER 
POSSIBLE WITW SIMILAR PROBLEMS IN THE 
PRECEDING PAGES. THIS WILL AFFORD AN 
EXCELLENT MEANS FOR FIXING THE MATTER 
IN HIS MIND. 

STUDENTS PREPARING FOR COLLEGE OR 
CIVIL SERVICE EXAMINATIONS WILL FIND 
THESE QUESTIONS OF GREAT VALUE. 
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TINSMITH ING, 



An important part of the technical education of those con- 
nected with tinsmiths' work is a knowledge of laying out patterns. 
When making the various forms of tinware, or, as they are com- 
monly n»alled, housefurnishing goods, the greatest care must be 
taken in developing the patterns, for if a mistake of but one point 
is made, the pattern will be useless. There are general geometri- 
cal principles which are applied to this work which, when thor- 
oughly understood, make that part plain and simple, which would 
otherwise appear intricate. These principles enable the student 
to lay out different patterns for various pieces of tinware where 
the methods of construction are similar. 





Fig. 1. 



Pig. 2. 



Construction. Before laying out the pattern for any piece of 
tinware, the method of construction should be known. Knowing 
this, the first thought should be: Can the pattern be developed and 
cut from one piece of metal to advantage, as shown in Fig. 1, or 
will it cut to waste, as shown in Fig. 2 ? Will the articles have 
soldered, grooved or riveted seams, as shown respectively by A, B 
and (J, in Fig. 3 ? Also, will the edges be wired or have hem edges 
at the top, as shown respectively by A and B, in Fig. 4 ? Some- 
times the pattern can be laid out in such a way that the article 
may be made up of two or more pieces, so that the patterns may 
be laid in one another, as shown in Fig. 5, thereby saving material. 
Til is is a plan that should always be followed if possible. 

When the patterns are developed, tin plate should be obtained 
of such size as to have as little waste as possible. 

By means of the table on pages 45-47 tin plate may be ordered 
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which will cut to advantage, for there is nothiiifr worse in a tin- 
shop than to see a lot of waste plate under the benches, whereas a 
little foresight in ordering stock would have saved material. 

Capacity of Vessels. Sometimes the tinsmith is required to 
make a piece of tinware which will hold a given quantity of liquid. 
The methods of finding the dimensions are given in Arithmetic 
and Mensuration, which subjects should be reviewed before begin- 
ning this work. 

Shop Tools. The most important hand tools required by the 
tinsmith are: hammer, shears, mallet, scratch awl, dividers and 
soldering coppers. The other tinsmith tools and machines will be 
explained as we proceed. 



A 
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Fig. 3. 



Fig. 4. 



Fig. 5. 



Various Methods of Obtaining: Patterns. The pattern draft- 
ing for this course is divided into two classes: 

1. Patterns which are developed by means of parallel lines. 

2. Patterns which are developed by means of radial lines. 

The principles which follow are fundamental in the art of 
pattern cutting and their application is universal in tinsmiths' work. 

INTERSECTIONS AND DEVELOPMENTS. 

The laying out of patterns in tinsmiths' work belongs to that 
department of descriptive geometry, known as development of sur- 
faces, which means the laying out flat of the surfaces of the solids, 
the flat surfaces in this case being the tinplate. In Fig. 6 is shown 
one of the most simple forms to be developed by parallel lines, 
that of an octagonal prism. This problem explains certain fixed 
rules to be observed in the development of all parallel forms, 
which are as follows: 

1« There must be a j>lan^ elevation or other view of the 
article to be made, showing the line of joint or intersection, and 
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in line with which must be drawn a section or profile of the article. 
Thus, ABCD shows the view of the article, AL the line of joint 
or intersection, and E the profile or section of the article. 

2. The Profile or section (if curved) must be divided into 
equal s|)aces (the more spaces employed the more accurate will be 
the pattern), from which lines are drawn parallel to the lines of 
the article intersecting the line of joint or intersection. Thus 
from the corners numbered 1 to 8 in the profile E, lines are drawn 
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parallel to the line of the article, intersecting the line of joint AL 
from 1" to 8". In Fig. 7, where the section A is curved, this is 
divided into equal spaces. 

3. A strtirhout line (showing the amount of material the 
article will require) is next drawn at right angles to the line of the 
article, upon which is placed each space contained in the section 
or profile. Thus JF, in Fig. 6, is the stretchout line, which con- 
tains the true amount required to enclose the profile E. 

4. At right angles to the stretchout line, and from the inter- 
sections thereon, draw lines called the iiieasuring UneH, Thus, 
from the intersections 1' to 8' on JF lines are drawn at right angles 
to the stretchout line JF, which are called measuring lines. 

5. From the intersections on the line of joint draw lines in- 
tersecting similarly numbered measuring lines, which will result 
in the pattern shape. Thus lines drawn from the intersections on 
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the line AL at right angles to BC intersect similarly numbered 
measuring lines as shown. Then JIHF will be the development 
for an octagonal prism intersected by the line AL in elevation. 

This simple problem shows the fundamental principles in all 
parallel-line developments. What we have just done is similar to 
taking the prism and rolling it out on a flat surface. Let the 
student imagine the prism before him with the corners blackened 




and starting with corner 1 turn the prism on a sheet of white 
paper until the point 1 is again reached, when the result wMU cor- 
respond to the development shown. Bearing these simple rules 
in mind, the student should have no difficulty in laying out or 
developing the forms which will follow. 

Fig. 7 shows the development of a cylinder, and also shows 
the princij)les which are applied in spacing circular sections or pro- 
files, as explained for parallel developments. A shows the profile 
or section, B the elevation, and CD the stretchout line or the 
amount of material required to go around the circle. By drawing 
the measuring lines V¥ and DE and connecting them by the line 
FE, we obtain CDEF, w^hich.is the development of the cylinder. 

Fig. 8 shows how to obtain the development of the surfaces 
of an intersected hexagonal prism, the angle of intersection being 
45°. First draw the elevation ABCD and the section E in its 
proper position below. Number the corners in the section 1, 2 and 
3, as shown, from which erect perpendicular lines intersecting the 
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plane AB, as shown by 1°, 2° and 3''. Bisect the lines 1 — 1 and 
3 — 3 in plan obtaining the points F and II resf)ectively, and draw 
the line FH. This line will be used to obtain dimensions with 
which to construct the developed surface on the plane AB. At 
right angles to AB and from the intersections l"", 2"" and 3^ draw 
lines as shown. Parallel to AB draw the line F^ H^. Now, 
measuring in each instance from the line FH in E, take the dis- 
tances to 1, 2 and 3, and place them on similarly numbered lines 
drawn from the plane AB, measuring in each instance from the 




Fig. 8. 

line F^H^ on either side, thus obtaining the points 1', 2' and 3'. 
Connect these points by lines as shown; then J will be the true 
development or section on AB. 

For the development of the prism, draw the stretchout line 
KI at right angles to AD, upon which place the stretchout of the 
section E, as shown by similar numbered intersections on KI. 
From these intersections, at right angles to KI, draw the measur- 
ing lines shown, which intersect with lines drawn from similar 
numbered intersections on the plane AB, at right angles to BC. 
Through the intersections thus obtained, draw the lines from L to 
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M. Then KLMI will be the pattern or development of the inter- 
sected prism. 

Fig. 9 shows the development of an intersected cylinder. A 
is the elevation and B the profile or plan. As each half of the 
development will be symmetrical, divide the profile B into a num- 
ber of equal parts, numbering each half from 1 to 5, as shown. 
From these points perpendicular lines are erected, intersecting the 
plane 1^ — 5^ at 1^ ^ 2^ , 3^ , 4^ and 5^ . A stretchout is now made 
of the profile B and placed on the horizontal stretchout line CD, 
the points being shown by 5', 4\ 8', 2', 1', 2", ;V\ 4" and 5". From 




Fig. 9. 

these points measuring lines are erected and intersected by similar 
numbered lines drawn from the plane 1^ — 5^ at right angles to the 
line of the cylinder. A line traced through points thus obtained 
will be the development of the intersected cylinder. In this case 
the butting edge or joint line of the cylinder is on its shortest side. 
If the butting edge were desired on its longest side, it would be 
necessary to change only the figures on the stretchout line CD, 
making 1' start at 5' and end at 5". 

AVhere two prisms intersect each other, as shown in Fig. 10, 
it is necessary to find the {X)ints of intersection before the surfaces 
can be developed. Thus we have two unequal quadrangular 
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prisms intersecting diagonally at right angles to each other. We 
first draw the section of the horizontal prisms as shown by B in 
the end view, from which the side view A is projected as shown. 
From the corner T in the section B erect the perpendicular line 
rC, and above in its proper position draw the section D of the 
vertical prism, and number the corners 1, 2, 8 and 4. From the 
corners 1 and 3 drop vertical lines intersecting the profile B at 1' 
and 3', T representing the ])oint8 2' and 4' obtained from 2 and 4 
in D. From the points 1' and 3' in B, draw a horizontal line 
through the side view, and locate the center of the vertical prism 
as 3", from which erect the perpendicular line 3" — 1. Now take 
a duplicate of the section I) and place it as shown by F, allowing 
it to make a quarter turn (♦^0''); in other words, if we view the 
vertical prism from the end view, the point 1 in section D faces 
the left, while if we stood on the ritrht side of the end view the 
point 1 would point ahead in the direction of the arrow. The side 
view therefore represents a view standing to the right of the end 
view, and therefore the section F makes a quarter turn, bringing 
the corner 1 toward the top. From points 2 and 4 in section F 
drop vertical lines intersecting the line drawn from the corner 
2' — 4' in B, thus obtaining the intersections 2" — 4" in the side 
view. Draw a line from 4" to 3" to 2", which represents the 
intersection between the two prisms. 

To develop the vertical prism, draw the horizontal stretchout 
line HI, and upon it place the stretchout of the profile J) as shown 
by similar figures on HI. Draw the measuring lines from the 
points 1, 2, 3, 4, 1, at right angles to HI, which intersects with 
lines drawn at right angles to the line of the vertical prism from 
intersections having similar numbers on B. A line traced through 
the points thus obtained, as shown by HIU will be the develop- 
ment of the vertical prism. The development of the horizontal 
prism with the opening cut into it to admit the joining of the 
vertical prism is shown in Fig. 11, and is drawn as follows: Draw 
any vertical line O^ P^, and on this line place the stretchout of 
the upper half of section B in Fig. 10, as shown by similar letters 
and figures in Fig. 11. From these points at right angles to 
Qv pv draw lines e(jual in length to the side view in Fig. 10. Draw 
a line from U to T in Fig. 11. Now, measuring from the line KS 
in side view in Fig. 10, take the various distances to points of in. 
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tersections 4", 3", 1" and 2", and place them in Fig. 11 on lines 
having similar numbers, measuring from the line O^ P^, thus re- 
sulting in the intersections 1°, 2°, 3"" and 4"". Connecting these 
points by lines as shown, then O^UTF^ will be the half develop- 
ment of the top of the horizontal prism. The bottom half will he 
similar without the opening. 

Having described the principles relating to parallel forms, 
the next subject will be the principles relating to tapering forms. 
These forms include only the solid figures that have for a base the 
circle, or any of the regular ])olygons, rUo figures of unetpial sides 
which can be inscribed in a circle, the lines drawn from the cor- 
ners of which terminate in an apex, directly over the center of the 
base. The forms with which the tinsmith has to deal are more 
frequently frustums of these figures, and the method used in 
developing these surfaces is simply to develop the surface of the 
entire cone or pyramid, and then by simple measurements cut off 
part of the figure, leaving the desired frustum. Thus in the well- 
known forms of the dipper, coffee pot, colander, strainer, wash 
bowl, bucket, funnel, measure, pan, etc., we have the frustums of 
cones above referred to. In speaking here of metal plate articles 
as portions of cones, it must be remembered that all patterns are 
of surfaces, and as we are dealing with tinplate, these patterns 
when formed are not solids, but merely shells. In works upon 
Solid Geometry the right cone is defined as a solid with a circular 
base, generated by the revolution of a right-angle triangle about 
its vertical side called the axis. 

This is more clearly shown in Fig. 12, in which is shown a 
right cone, which contains the principles applicable to all frustums 
of ])yramids and cones. AE(^ represents the elevation of the cone; 
the horizontal section on the line B(] being shown by GDEF, 
which is spaced into a number of equal parts, as shown by the 
small figures 1 to 12. As the center or apex of the cone is directly 
over the center ff of the circle, then the length of each of the lines 
drawn from the small figures 1 to 12 to the center a will be equal 
both in plan and elevation. Therefore to obtain the enveloj)e or 
development, use \B or AC as radius, and with A in Fig. 13 as 
center, describe the arc 1 - 1'. From 1 draw a line to A and start- 
ing from the point 1, set off on the arc 1-1' the stretchout or num- 
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ber of spaces contained in the circle DEFG in Fig. 12, as shown 
by similar figures in Fig. 18. From 1' draw a line to A. Then 
A- 1-7-1.' will be the development of the right cone of Fig. 12. 

Suppose that a frustum of the cone is desired as shown by 
HICB, Fig. 12; then the opening at the top will be equal to the 
small circle in plan, and the radius for the pattern will be equal to 
AI. Now using A in Fig. 13 as a center with A I as radius, describe 
the arc HI, intersecting the lines 1 A and Al' at II and I respective- 
ly. Then H-I-l'-7-l will be the development for the frustum 
of the cone. 

When a right cone is cut by a plane passed other than parallel 
to its base, the method of development is somewhat different. This 





Fig. 13. 

is explained in connection with Fig. 14, in which A is the right 
cone, intersected by the plane represented by the line DE. B repre- 
sents the plan of the base of the cone, whose circumference is divided 
into equal spaces. As the intersection of both halves of the cone 
are symmetrical, it will be necessary to divide only half of plan B 
as shown by the small figures 1 to 7. From these points, erect 
lines parallel to the axis of the cone, intersecting the base line 
of the cone. From these points draw lines to apex F, intersecting 
the line DE as shown. From the intersections thus obtained on the 
line DE and at right angles to the axis, draw lines as shown, inter- 
secting the side of the cone FE. Now using F as center and FlI 
as a radius, describe the arc 7 - 7'. From 7 draw a line to F, and 
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starting from the point 7 set off on the arc 7 - 7', the stretchout of 
the circle B as shown by the small figures 7-1-7'. From these 
points draw radial lines to the center point F, and intersect them 
by arcs struck from the center P\ with radii equal to similarly num- 
bered intersections on the side FH, and partly shown by points 
7^-1^-7°. Trace a line through the points of intersections thus 
obtained; then 7''-7^-7-7' will be the desired development. 

These same principles are applicable no matter at what angle 
the cone is intersected. For the 
section on the line 1)E, see the 
explanation in Mechanical Draw- 
ing Part III. 

Fig. 15 shows the principles 
applicable to the developments of 
pyramids having a base of any 
shape. In this case, we have a 
square pyramid, intersected by the 
line DE. First draw the elevation 
of the pyramid as shown by ABC 
and in its proper position the plan 
view as shown by 1, 2, 3, 4. Draw 
the two diagonal lines 1-3 and 
2-4 intersecting each other at A'. 
The length of the line AC repre- 
sents the true lentrth on A\\ but i ! 
is not the correct radius with 
which to strike the development. 

A true length must be ob- 
tained on the line A'4 as follows : 
At right angles to 3-4 from the 
center A' draw the line A'E' and 
using A' as center and A'4 as 
radius, describe the arc 4E' intersecting A'E' at E'. 
erect the perpendicular line E'l^ intersecting the base line B(' ex- 
tended at 1^. From 1^ draw a straight line to A, which will be 
the true length on A'4 and the radius with which to strike the de- 
velopment. (See also Part III, Mechanical Drawing) Now with A 
as center and A-1^ as radius, describe the arc 1^-3^-1^. Starting 
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from 1^ set off the stretchout of 1-2-8-4-1 in plan, as shown 
by p-2^-3^-4^-lv on the arc V-V (1^-2^ being equal to 1-2, 
etc.), and from these points draw lines to the apex A and con- 
nect points by straight lines as shown from 1^ to 2^, 2^ to 3^, 3^ 
to 4^ and 4^ to 1^. Then Al^ 3^ 1^ will be the development of the 
square pyramid. 

To obtain the cut, in the development of the intersected plane 




DE, which represents respectively the points 3^-4^ and 1^-2', 
draw at right angles to the center line, the lines D-D" and E-l", 
intersecting the true length Al^ at D" and 1". Using A as center 
and radii equal to A~D" and A-1" intersect similarly numbered 
radial lines in the development, ('onnect these points as shown 
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from 1" to 2", 2" to 3", 3" to 4" and 4" to 1". Then 1" -1^-3^-1^- 
l"-3" will be the development of the intersected square pyramid. 

To draw DE in plan drop perpendiculars from D and E in- 
tersecting the diagonal lines in plan at b c and d a. Connect lines 
as shown at a^ 5, g and d. To obtain the true section of the plane 
DE, take the length of DE and place it, as shown in plan 
from h to i\ through i draw the vertical line^*7/i which is inter- 
sected by horizontal lines drawn from points a and d. Draw a 
line from h to m and c ioj which will be the desired section. 

These problems just described should be thoroughly studied 
and practiced on paper, until every step is well understood. 

Practical Workshop Problems will now be considered, and the 
student who thoroughly understands the principles explained in the 
foregoing problems, will be able to develop the patterns with greater 
ease and in less time than is required by the student, who pays 
little attention to the principles, but simply proceeds to develop the 
patterns by blindly following directions. A thorough knowledge 
of the principles renders the student independent as far as pat- 
tern problems are concerned, as he can apply them to new work. 

Short Rules. There are various short rules, which, while not 
geometrically' accurate, are sufficiently so for all practical purposes 
and will be introduced as we proceed. In developing patterns for 
any given article, the problem should be gone over carefully, locating 
the joints or seams, so that it can be seen, we might say in our 
minds' eye; by doing this a shorter rule may be employed, thus 
saving time and expense. The student who pays attention to these 
smaller details will sucjeed as a pattern draftsman. 

Allowance lor Seamin^^ and Wiring. As we are dealing with 
tin plate only, we assume this to have no thickness, and therefore 
make no allowance for the shrinkage of the metal, when bending 
in the machine folder or brake. 

The amount of the material to be added to the pattern for 
wiring wil vary according to the thickness of the metal. A safe 
and practical plan is to use a small strip of thin metal about J inch 
wide and curl this around the wire which is to be used as shown 
in Eig. 16. This will give the true amount of material required, 
whether the wire is to be laid in by hand or by means of the wiring 
machine. First bend off with plyers a sharp corner as shown at ^/, 
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]>Iaee the wire in the corner and turn A snugly around the wire as 
Bhown at H. The amount of A, or the allowances to 1r^ addtnl to the 
height of the j)attern is thus obtained. The vertical joint in tin- 
ware is usually a lock seam as shown in Fig. 17. Three times the 
width of the lock a must be added to the pattern. In other words, 
the end h has a sincjle edtje as //, while the other end <? has a double 
edge as shown at a and ^ ; the two ends of the bcKly joining at^/l 

In allowing these edges for the ])attern, some workmen prefer 
to add a single edge on one side of the pattern, and a double edge 
on the other, while others prefer to allow one-half of the amount 
required on either side of the pattern. Where the bottom of any 
piece of tinware is to he joined to the IkhIv, it is generally double 



B 




Fig. 16. 



Pig. 17. 



seamed as is shown in Fig. 18, where the two ojHjrations are clearly 
shown by A and H whether the seaming is done by hand or ma- 
chine, while the lv)ek seam in Fig. 17, is done on the groover. 

Notchin^^ the Patterns. Another important point is the 
notching of the edges of the patterns for seaming and wiring; 
s})ecial attention should be given to this. The notches should be 
made in such a manner that when the article is rolled up and the 
wire encased or the seams grooved, the ends of the wire or seam 
allowance will fit snugly together and make a neat appearance. 
When an article is made and the notclies have not been cut 
properly, the wire, or uneven lines, will show at the ends of the 
seam. Fig. 11) shows how the allowance* for wire or locks should 
be cut. A shows the pattern to which an allowance has been 
made for wire at B and for seamincj to the bottom at 0. In this 
case a single edge D has been allowed at one end of the pattern 
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niicf a doii])le edj^e of the other as shown at K. Then, using this 
iiieth(Kl of allowance for seaniintr, noteh tlie allowance for wire 15 
and seam C on a line drann through the solid lines in the pattern 
as shown by (((f and i/>. The notches of the allowance D and E 
should be cut at a small angle, as shown. 

Transferring^ Patterns. After the pattern has been de- 
veloped on manilla paper, which is generally used in the shop, it 
is placed on the tin plate and 
a few weights laid on top of 
the paper; then with a sharp 
scratch awl or prick punch and 
hammer, slight prick -punch 
marks are made, larger dots in- 
dicating a bend. The paj)er is 

then removed and lines scribid 

on the plate, using the scratch 

awl for marking the straight lines, and a lead j)encil for the 

curved lines. After laps are added as required, it is ready to be 

cut out with the shears. 

PRACTICAL PROBLEMS. 

In presenting the twelve problems which follow, particular 
attention has been given to those problems which arise in shop 

practice. These ])roblems should 
be practiced on cheap manilla 
paj)er, scaling them to the most 
convenient size, and then prov- 
ing them by cutting the patterns 
from thin card board, and bend- 
ing or forming up the models. 
This will prove both instructive 
and interesting. 
PaiJ. The first j)iece of tinware for which the pattern will 
be developed is that known as the flaring bucket, or pail, shown 
in Fig. 20. First draw the center line AB, Fig. 21, upon which 
place the height of the pail, as shown by CD. On either side of 
the center line place the half diameters CE of the top and DF of 
the bottom. Then EFFE will ])e the elevation of the pail. Ex- 
tend the lines EF until they meet the center line at B, which will 




Fig. 19. 



26 



18 TINSMITHING 

be the center point with which to describe the pattern. Now, 
with C as center and ('E as radiuB, describe the eerai-circle EAE, 
and divide it into equal spaces, as shown. 
This semi-circle will represent the half sec- 
tion of the top of the pall. 




Fig. 21. 

For the pattern pro'-'eed as follows: With B as center and 
radii equal to BF' and JiE, describe the arcs till and IJ. Draw a 
line froniU to B. Starting from the point U lay off on the arc <.tH, 
the stretchout of the semi-circle EAE, as shown by similar figures 
on Gir, From 11 draw a line to B. intersecting the are IJ at J. 
Then GHJ I will be the half pattern for the pail, to which laps must 
be added for seaming and wiring as shown by the dotted lines. 
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Funnel and Spout. In Fig. 22 is shown a funnel and spout, 
which is nothing more than two frustums of cones joined together. 

Fig. 23 shows how the patterns are developed. In this figure 
the full elevation is drawn, but in practice it is necessary to draw 
only one-half of the elevation, as shown on either side of the center 




Fig. 22. 
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line B(.\ Extend the contour lines until they intersect the center 
line at C and A. Kow, using A' as a center, with radii equal to 
AF and AE, describe the arcs F'F*- and E'E" respectively. On 
the arc E^E* lay off twice the number of spaces contained in the 
semi-circle B, then draw radial lines from E* and E'^ to A\ inter- 
secting the inner arc at F*F-, which completes the outline for the 



27 



20 TINyMlTIIlNG 



patUrri, Tjip must he allowed for.wirin^ and m'jiiiiing. For the 
jattern for the spout use V as a center, and with radii equal to ('<« 
and OF descrribe the area F'P and G'G', On FT* lay off twice 
the amount of spaces contained in the semi-circle D, and draw 
radtaMtnes from F' and ¥^ to (\ Then F'PG'G' will be the pat- 
tern for the epout. The dotted linea show the edges allowed. 

Hand Scoop. In Fig. 24 is shown a perspective view of a 
hand scoop, in the development of which the parallel and radial 
line developments are employed. Thus A and B represent inter- 
sected cylinders, while C represents an intersected right cone. 
Tlie method of obtaining the patterns for the hand scoop is clearly 
shown in Fig. 25; these principles areapplicable to any form of 
hand scoop. 

First draw the 
side view of the scoop 
asshown, inline with 
which place the half 
section; divide this 
into a number of ( 
eijual spaces ag shown 

by the tigurea 1 to 7. .^«' ^■ 

From these points draw horizontal lines intersecting the curve 
of the scoop. In line with the back of the scoop draw the vertical 
line 1 - r. upon which place the stretchout of twice the number 
of spaces contained in the half section, as shown by similar 
nuni1>ers on tlie stretchout line. From these points on the 
stretchout line draw horizontal lines, which intersect lines drawn 
from similarly numbered points on the curve of the scoop parallel 
to the stretchout line. Trace a line through points thus obtained, 
which will give the outline for the pattern for the scoop, to which 
ed<fes nniPt be allowed as shown by the dotted line. The pattern 
for the back of the st:w>]t iw simply a flat disc of the required 
diameter, to which e<iges for seaming are allowed. 

"When di-awinif the handle, first locate the i)oiiit at which the 
center Hue of the handle is to intersect tlie back of the scoop, as 
at 2". Throncrh this point, at its proper or required angle, draw 
the center line 2''2'. Establish the length of the handle, and 
with any point on the center line as center, draw the section 
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as shown by 1*, 2* 3^, and 2^, and divide the circumference into 
equal spaces, in this case four. (In practical work it would be 

better to use more than four). Parallel to the center line and from 
these four divisions draw lines as shown intersecting the back of the 
scoop at l"", 2° and 8°. For the pattern draw any horizontal line in 
S, as 1"8"1", upon which place the stretchout of the section of the 
handle as shown by 1" 2" 3" 2" V on the stretchout line. From 
these points at riirht angles to the line of the stretchout, draw 
lines as shown. Take the various distances measuring from the 
line NO in side view to points 1^, 2^ and 3°, and place them on 
lines drawn from similar numbers in S, measuring from the line 
V'ii"l", A line traced through these points of intersection will be 
the pattern for the handle, laps being indicated by dotted lines. 
To close the top of the handle //^>, a small raised metal button is 
usually employed, which is double-seamed to the handle. 

To draw the conical boss in 
side view, first locate the points / 
and ^ , through which draw a line 
intersecting the center line of the 
handle at /I At right angles to 
Fig. 26. the center line, draw the line 

ij representing the toj) opening of the boss. In similar manner, at 
right angles to the center line, draw^ a line from e as shown by ea^ 
intersecting the center line at (/, Now make (ja equal to (/e and 
draw a line from // to the center/', which will intersect the back of 
the acoo]) as shown and the top of the boss at /. With ff as center 
and (/(f as radius describe the half section of the cone, divide this 
into e(jual spaces as shown by ahu]*^ from which draw lines at 
right angles to and intersecting the base of the cone (U' as shown. 
P>om the intersections on the base line draw radial lines to the 
apex/* intersecting the hack of the scoop as shown. From these 
intersections at. right angles to the center line, draw lines inter- 
secting the side of the boss at ft'lird'. For the pattern proceed as 
shown in diagram //'. With radius equal to /> in the side view 
and f in ii\ as a center describe the arc int", Draw^ a line from 
a" to the center /\ and starting from a" set off on the arc a a" 
twice the number of s])aces contained in the semi circle aee in side 
view, as shown by similar letters in diagram w. From these points 
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draw radial lines to the center /*. Now using f in w as a center 
describe the arc /T. In similar manner, using as radii /J/,/i',yr , 
/d' and J^e in side view, and f in v^ as center, describe arcs inter- 
secting radial lines having similar letters as shown. A line traced 
through points thus obtained forms the pattern for the conical boss. 




Fig. 27. 
Drip Pan. Fig. 26 shows a view of a drip pan with beveled 
sides. The special feature of this pan is that the corners a and b 
are folded to give the required bevel and at the same time have the 
folded metal come directly under the wired edge of the pan. A 
pan folded in this way gives a water tight joint without any sol- 
dering. Fig. 27 shows the method of obtaining the pattern when 
the four sides of the pan have the same bevel. First draw the side 
elevation having a bevel indicated at «21. Now draw ABOD, a 
rectangle representing the bottom of the pan. Take the distance 
of the slant 1-2 in elevation and add it to each side of the rect- 
angular bottom as shown by 1', 1", 1'" and 1"". Through these 
points draw lines parallel to the sides of the bottom as shown. 
Now extend the lines of the bottom AB, BC, CD and DA inter- 
secting the lines just drawn. Take the projection of the bevel 
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^ to 1 in side elevation and place it on each corner of the pan, as, 
for example, from a' to 1'. Draw a line from 1' to B. By pro- 
ceeding in this manner for all the corners, we will have the butt 
miters, if the corners were to be soldered raw edge. Where the 
bevels are ei^ual on all four sides, the angle l^Bl' is bisected as 



r' 




SIDE ELEVATION 




Fig. 28. 

follows: With B as center and any radius draw the arc ff* inter- 
secting the sides of the bottom as shown. Then with a radius 
greater than one half of ff*^ with f^n^f* respectively as centers, 
draw arcs which intersect each other at i. Draw a line through 
the intersection i and corner B, extending it outward toward^'. 

Now with 1' as center, and radius less than one-half of I'-l*, 
draw arc <?-<?, intersecting the line 1' B at J, and intersecting the 
line Va' at c. Then with h as center and he as radius, intersect the 
arc cd at e. Draw a line from 1' to ^, intersecting the line y at n. 
From n draw a line to 1*. Transfer this cut to each of the corners, 
which will complete the pattern desired. Dotted lines indicate the 
wire allowance. 

Sometimes a drip pan is required whose ends have a different 
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flare from those of the sides, and in one case the folded corners are 
to be bent toward the end, while it may be required that the cor- 
ners be folded towards the side. . Tlie principles are similar in both 
cases, but as the method of applying these principles may be a 
little difficult, Fig. 28 has been prepared, which Mill explain the 
application of these principles. 

First draw the side elevation, showing the desired flare; also 
draw the end elevation, which shows the flare of the sides, being 
careful that the vertical heights in both views are the same. Now 
draw the j>attern of the pan as follows: Take the distance 1-2 in 
side elevation and place it on the ends of the bottom as shown on 
either side by 1 - 2'. Similarly take the distance 8-4 in end eleva- 
tion and place it on the sides of the bottom as shown on either side 
by 3-4'. Through the point 2' and 4' draw lines parallel to the 
ends and sides of the bottom as shown, which intersect lines dropped 
from the end and side views respectively, hfh' represent the butt 
miters which should be placed on all corners. If these miters have 
been correctly developed, the lengths from A to ^/ must be equal to 
pi , Bisect the angle hfK by using f as center and drawing the 
arc ah^ then use a and h as centers and obtain the intersection r, 
through which draw the line ef. Now assume that the folded cor- 
ner is to be turned towards the end view as shown by ^3. Using 
A as a center draw the arc {j. Then with I as center and li as 
radius, intersect the arc ij at in. Draw a line from h through vi^ 
meeting the line efhX t, and draw a line from t to //'. 

If the folded corner were turned towards the side as shown by 
r'-2" in the side view, bisect the angle vVs as before, and use /? as a 
center and proceed as already explained. Note the difference in 
the two corners. The only point to bear in mind is, that when the 
corner is to be folded towards the end, transfer the angle of the 
end miter; while if the corner is to be turned towards the side, 
transfer the angle of the side miter. If the corners were to be 
folded toward the ends of the pan, the cut shown in the right-hand 
corner would be used on all four corners, while if the corners were 
to be folded towards the sides, the cut shown on the left-hand cor- 
ner would be used. 

Tea Pot. In Fig. 29 is shown the well-known form of the 
tea or coffee pot, for which a short metliml of developing tlie pat- 
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tern is shown in Fig. 30. This is one of tbe many cases where ft 
short rule can be used to ailvantage over tlie freoini'trit-al incthod. 
Wliile it is often adviwahle to use the true fieonietrical nile, tlie 
difference between that and the niethix! liere yhuwn is hiirdly 
noticeable in practice. Of cmirse, if thi' ImmIj- A and spout I! wen- 
larger than the ordinary tea pots in use. it would lie neivssMry to 
use the true geometrical rule, wliieli is thorouglily e.\|)lained fur 
Plates I, II and III. 

The ]tattern for the hotly of the 
tea pot will not l>e shown, only the short 
rule for obtaining the openinij in the 
body to admit the joining of the spout. 
The method of obtaining the pattern for 
the body is similar to the flaring Tessels 
shown in previous problems. 

First draw the elevation of the body 
of the tea pot as shown at A. Assume 
the point n on the body and draw the 
'*^' center line of the s[K>ut at its profjer 

angle as shown by 2/;, Establish the point iJ of the bottom of 
the spout against the body, also the point 3' at the top and draw 
a line from 3 through 3* intersecting the center line at h. At 
right angles to the center line and fijni 3 draw the line 3-1 
and make^'l equal to ''3, From 1 draw a line to the center jioint 
and from 3* draw a horizontal line until it intersects the opposite 
aideof thesjiout at 1". Then I'-l"-;}" 3 will he the side view of 
the spout. Now with c as a center draw the half section l-ii-3 
and divide it into eqvial g|)aces; in this case but two (in practical 
work more spaces should be employed). From these points and at 
right angles to 1- 3 draw lines intersecting the base <if the 
spout as shown, and draw lines from these |Miints to the 
center h. Thus line \h intt/rsects the body at 1' anil thetopof the 
spout at 1"; line 2/Mntersects the body at ir and tlie top of the spout 
as shown, while line 3A cuts at 3 and the top of spout at 3". 
From these intersections at right angles to the center line "A, draw 
lines intersecting the side of the spout at 3, 2", l^" at the bottom 
and 1*, 2", 3" at the top. Now with h as center and />3 as radius, 
describe the arc 3" — 3 .'pou which place the stretchout of twice 
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the number of spaces contained in the half section 1-2-3, as 
shown by siniilar figures on 3" -3"; from these points draw radial 
lines to the center b^ and intersect them by arcs drawn with 6 as a 
center and radii equal to the intersections contained on the side of 




Fig. 30. 

the spout 3 - 3^. To form the pattern, trace a line through points 
thus obtained and make the necessary allowance for edges. 

It should be understood that in thus developing the spout, the 
fact that the spout intersects a round surface has not been considered ; 
it was assumed to intersect a plane surface. As already stated the 
difference in the pattern is so slight that it will not be noticeable 
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in practice. Had we developed the pattern according to the true 
geometrical rule, it would present a problem of two cones of 
unequal diameter intersecting each other, at other than at right 
angles to the axes. 

For the pattern for the opening in the body^ draw lines at 
right angles to the center line of the body from intersections 1', a 
and 3 intersecting the opposite side of the body as shown. With 
F as a center draw a partial pattern of the body as shown by d<\ 
From any pointy/ draw a line to the center F. Now with F as 
center draw the arcs 1, 2^ and :i. The distance 1 to 3 on the line 
ly* represents the length of the opening, while a line drawn through 

<r at rii/ht angles to the center line he 

'^ZZ-.S^rT^ ^^ ^^^ sj)out represents the width of 

! "x /l I T ! i\ the OT)eniniT. Therefore take the dis- 

I \j ^^^^^^^xj tance from d to 2° and place it as 

rkfc=^L^=^LlJ^ shown from a' on the line fF to 

4i<^n^ 2' -2^ on either side on the arc. 

ShH Trace an ellipse through 1 - 2° - 3 - 2 

Fig. 31. for the shape of the opening. 

The pattern for the handle is ob^ 
tained by taking the stretchout of hji and placing it as shown on 
the vertical line ///'. At right angles to h'i' on either side, at top 
and bottom add the desired width of the handle and draw the lines 
shown; add edges for wiring or hem edge. 

For the pattern for the grasp I) which is placed inside on the 
handle proceed as is shown in Fig. 31. Let D represent an en- 
larged view of part of the handle in which the grasp is to be soldered. 
Directly in line with it draw the section E taking care that the 
width from 1 to 1 will not be wider than that portion of the handle 
from /• to « in Fig. 30, being the width at C in the elevation. Divide 
the section E in Fig. 31 into a number of equal spaces, from which 
draw vertical lines intersecting the curve D as shown. Draw the 
center line ah upon which lay off the stretchout of E as shown by 
similar figures. Through these points draw lines which intersect 
with lines drawn from similar intersections in the curve D parallel 
to ah. Trace a line through the points thus obtained as shown at F. 
Foot Bath. In Fig. 32 is shown an oval foot bath; the princi- 
ples used in obtaining the pattern of which are applicable to any 
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form of flaring vessels of which the section is elliptical or stmck from 

more than two centers. In this connection it may b^ well to ex- 
plain how to construct an ellipse, so that a set of centers can be 
obtained with which to strike the arcs desired. Fig. 33 shows the 
method of drawing an approximate ellipse, if the dimensions are 
given. Let AB represent the length of the foot bath and CD its 
width. On BA measure BE equal to CD. Now divide the dis- 
tance EA into three equal parts as 
shown by 1 and 2. Take two of 

1-.I iiwmiii~ these parts as a radius, or E2, and 

with O as center, describe arcs in- 
tersecting the line BA at X and 
X\ Then with XX^ as a radius 
and using X and X* as centers 
describe arcs intersecting each other at C and D. Draw lines from 
C to X and X^ and extend them toward F and G respectively. 
Similarly from D draw lines through X and X*, extending them 
towards I and H respectively. Now with X and X^ as centers, and 
XA and X^B as radii describe arcs intersecting the lines ID, FC, 
GO and HD at J, K, L and M, respectively. In similar manner 





Pig. 33. 



with D and C as centers and DC and CD as radii describe arcs 
which must meet the arcs already drawn at J, M, L and K, respect- 
ively, forming an approximate ellipse. In Fig. 84 let ABCD repre- 
sent the side elevation of tlie pan, wliose vertical height is equal 

to RC. 

In precisely the same manner as described in Fig. 33 draw 
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the plan as shown, in correct relation to the elevation, letting EFGH 
be the plan of the top of the pan, and JKLI the plan of the bottom, 
struck from the centers, 0,M,P and N. The next step is to obtain 
the radii with which to strike the ])attern. Draw a horizontal line 
HE in Fig. 35 equal in length to NE in j)lan in Fig 34. Take the 
vertical height KC in elevation, and place it as shown by RC in 
Fig. 35 on a line drawn at rijrht angles to KE. Parallel to RE 
and from the point C, draw the line CJ equal to NJ in Fig. 34. 




Y / 







Fig. 35. 

Now draw a line from Eto J in Fig. 35, extending it until it meets 
the line EC produced. Then OJ and OE will be the radii with 
which to make the pattern for that part of the pan or foot bath 
show^n in plan in Fig. 34 by EFKJ and GHIL. 

To obtain the radii with which to strike the smaller curves in 
plan, place distances PF and PK on the lines EE and (M in Fig. 
35 as shown by EF and CK. Draw a line from F through K un- 
til it meets the line EG at P. Then PK and PF will be the radii 
with which to strike the pattern, for that part shown in plan in 
Fig. 34 by KFGL and IHEJ. Now divide the curve from G to H 
and II to E (Fig. 34) into a number of equal spaces. To describe 
the pattern draw any vertical line E^O^ (1' ig- '^'^) ^^^^ ^'ith O* as 
center and radii equal to OJ and OE in the diagram Y, describe 
the arcs J*K^ and ET^ as shown. On the arc ET' lay oflf the stretch- 
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out of GH in plan in Fig. 34 as shown by similar figures in Fig. 
35. From the point on the arc E'F' draw a line to O* intersect- 
ing the curve J*K\ Now with PF in diagram Y as radius and P 
as a center describe an arc intersecting the line F^O* at P^ Then 
using P as a center and with radii equal to P'K^ and P^F^ describe 

the arcs K'V and F'G^ as 
shown. On the arc F^G* 
starting from point 6 lay 
off the stretchout of HE, 
Fig. 34. From 11 draw a 
line to P* intersecting the 
arc K'V at V. Then 
E'FG^L^K^J^ will be the 






Fig. 36. 

half pattern, the allowance 
for wiring and seaming 
being shown by the dotted 
lines. 

Should the article be 
desired in four sections, 
two pieces of F^K^L^G* 
would be required. The 
pattern for the bottom of 
the pan is shown by the inner ellipse in Fig. 34 to which of course 
edges must be allowed for double seaming. 

Wash Boiler. In Fig. 30 is shown a perspective view of a 
wash boiler to which little attention need be given, except to the 
raised cover. First draw the plan of the cover B, Fig. 37, which 
shows straight sides with semi-circularends. In line with the plan 
draw the elevation A, giving the required rise as at C. Let C rep- 
resent the apex in elevation, and C* the apex in plan. As both 
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balves ot the cover are syiiitui-trii-al, tlu^ p^tteni will be developed 
for one half only. Divide tliB semi-circle 1 -it- 1 into a namber 
of e<)iial spaces an shown l>y the small tigures 1, 2, •), 2 and 1. 
From these [K>ints draw radial lines to the a|>ex C, and through 
C draw the perpendicular tm. VA" in elevation represents the 
true length of ("3 in plan, and to obtain the true length of 
C'2, CI and C'lr, it will l>o nei-essary to construct a diagram of 
triangles as follows: With (" as center, aiid ("'?, C'l and C'iJ 
as radii, descrjlie arcs intersecting the center line in plan at «', 1' 
and 2'. From these jHiints at right angle to 3C" erect lines inter- 
secting the base line of the elevation at a", 1", 2" 
and 3", from which draw lines to the apex C, as 
I shown. Now, with radii equal to C3% C2", CI" 
and d('\ and ('^ as center describe arcs 3*,2'2*, 
1»1» and «»«*, From C erect the perpendicu- 
lar intersecting the arc 3* at 3*. Now set the 
dividers equal to the spaces 3 to 3 to 1 to <e in 
Fie 38 plan, and starting from 3* step off to similar 

numbered arcs, thus obtaining the intersections 
2'1V»; from «* draw lines to C, and trace a line a'3*<(* to get 
the half pattern for the cover. Allow edges for seaming. 

The body of the boiler requires no pattern, as that is simply 
the required height, by the stretchout of the outline shOwn in plan. 
The handles shown ou the body and cover in Fig. 36 are plain 
strips of metal to wliich wired or hem edges have been allowed. 

Measure. Fig. iW shows a flaring- lipped measure with han- 
dle attacheil. Care should lie taken in laying out the patterns for 
these measures, that when tlie measure is made up it will hold a 
given quantity. While there are various proportions used in 
making up the size of the measure, the following table gives good 
proportions: 



Quantity. 


Bottom Diameter 
in inches. 


TopDiamctcT 
in inches. 


Height. 


1 Gill. 


• 2.06 


l.tT 


3.10 




2.60 


1.7.T 




IPint. 


3.27 


2.18 


4.90 


1 Quart 

l^Gallon. 


4.12 


2.7.5 




5.18 


3.45 


7.78 


1 Gallon. 


6.55 


4.35 


9.80 
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Fig. 39 shows the method of laying out the ])att^rn for the 
measure and lip. ' First draw the elevation A to the desired siz<? 




Fig. 39. 

and assume the flare of the lip B, as shown by db. From h draw 
a line through 7" to c which is a chosen point, and draw a line from 
c to rf. Draw the handle C of the desired shape. Now extend 
contour lines of the measure until they intersect at a^ and draw 
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the half section of the bottom of the measure as shown at D; 
divide this semi -circle into equal parts as shown. Now, with o, as 
a center, and al and al" as radii, describe the arcs as shown. 
From any point (as 1') draw a radial line to n^ and starting at 1' 
set off the number of spaces contained in the half section I), as 
shown by the small figures 1' to 7'. From 7' draw a radial line 
to a. Allow edges for wiring and seaming. E represents the half 
pattern for the body of the measure. We find that lip B is simply 
an intersected frustum of a right cone, which can be developed as 
shown in the pattern for conical boss of Fig. 25. 

There is, however, a shorter method which serves the purpose 
just as well; this is shown at F, Fig. 39. First draw the half sec- 
tion of the bottom of the lip, which will also be the half section of 
the top of the measure, as shown by the figures 1" to 7". Now, 
with radii equal to J-1", or h-T' and h' in F as center, describe 
the arc 7^7^. From V drop a vertical line intersecting the arc at 
1*. Starting from the point 1^, set off the spaces contained in the 
half section 1"- 4"- 7", as shown by the figures 1* to 7^. From V 
draw lines through the intersections 7^7^, extending them as shown. 
Now take the distance from 1" to d of the front of the lip and 
place it as shown by V^d' in F. In similar manner take the dis- 
tance from 7" to c of the back of the lip and place it as shown in 
F from 7^ to d on both sides. Draw a line from r' to d\ and bi- 
sect it to obtain the center e. From e, at ricrht ancrles to r'd\ 
draw a line intersecting the line Vd' at/. Then using/' as center, 
with radius equal to fd\ draw the arc cV/'r', as shown. Adding 
laps for seaming and wiring will comjjete the pattern for the lips. 

The pattern for the handle and grasp C is obtained as shown 
in Figs. 30 and 31. 

Scale Scoop. Fig. 40 shows a scale scoop, wired along the 
top edges and soldered or seamed in the center. The pattern is 
made as shown in Fig. 41. First draw the elevation of the scoop 
as shown by ABCD. (In practice the half elevation, BDC, is all 
that'is necessary.). At right angles to BD and from the point (\ 
draw the indefinite straight line CE, on which a true section is to 
be drawn. Therefore, at right angles to CE, from points C and E, 
draw the lines CC and EE*. From E' erect a perpendicular as 
E^C, on which at a convenient point locate the center F; with 
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FE* »8 radius, describe the arc IIE^I. Then IIE'I will be the true 
section on C'E in elevation. Divide the section into a number of 
equal parts as shown by the figures 1 to 7; through these jwints, 
parallel to the line of the scale BD, draw lines intersecting BC and 

CD as shown. At right angles 
to BD draw the stretchout line 
1-7 and place upon it the stretch- 
out of the section as shown by 
similar fimires. At right angles 
rig. 4U. to 1 - 7 draw lines which intersect 

lines drawn at right angles to BD, from intersections on BC 
and DC having similar numbers. Trace a line through these 





Fig. 41. 

points and thus obtain the desired pattern. The dotted outline 
shows the lap and wire allowance. 
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In Fig. 42 is shown a perspective view of a dust pan with a 
tapering handle passing through the back of the pan and soldered 
to the bottom. The first step is to draw the plan and elevation 
which is shown in Fig. 43. Let ABC be the side view of the pan. 
Directly below it, in its proper position, draw the bottom DEFG. 
From the point C in elevation draw a line dd indefinitely. Now 
bisect the angle EFG. Through e and F draw the line cd^ in- 
tersecting the line dd' at d. From d draw a line to G. 

In the same manner obtain Yd'T) on the opposite side, which 





Fig. 42, 



Fig. 44. 



will complete the plan view of the pan. Now locate the point h 
in side view, through which the center line of the handle shall pass, 
and draw the line Ith Through m^ the end of the handle, draw 
the line no at right angles to Z/n, and assume o the half width at 
the top and j/*the point where the contour line of the handle shall 
meet the back of the pan, and draw a line from o through y, inter- 
secting the center line lin at /. Make inn equal to mo and 
draw a line from n to 7, intersecting the back of the pan at x^ 
Through h at right angles to the center line draw ?;", giving the. 
diameter of the handle at that point to be used later. This com- 
pletes the elevation of the handle; the plan view is shown by dotted 
lines and similar letters, but is not required in developing the 
pattern. 

For the pattern of the pan proceed as is shown in Fig. 44, in 
which DEFG is a reproduction of similar letters of Fig. 43. Take 
the distance of BC in side view, Fig. 43, and place it as shown by 
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Br in Fig. 44 and through C draw a line parallel to EF as shown. 
At right angles to and from EF draw Er and F/*, then take the 
distance from r to 
d m plan in Fig. 43 SIDE view 
and place it as 
shown from t \jo d 
on both sides in 
Fig. 44. Draw the 
lines ^F and t^E. 
Now using E asD 
center, and radius 
equal to Erf des- 
cribe the arc %t. 
Then with td as 
radius and s as cen- 
ter, intersect the 
arc st at d\ Draw 
a line from d! to 
D. Insimilarman- 
ner obtain rf'G on o 
the opposite side, 
which will com- Fig. 43, 

plete the pattern 
for the pan. Allow ^ 
laps for wiring and ® 
edging. 

The opening 
in the back of the 
pan to allow the 
handle to pass 
through is obtain- 
ed by first drawing 
a center line ef^ 
then take the dis- 
tances from j to K 
and A to a? in Fig 
43, noting tha+ 3 . ^^' *^' 

comes directly on the bend B, and place it in Fig. 44 on the line ef 
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iromj to A to a-, placing /on the bend as shown. Now take the dis- 
tance from A to i or A toy in side view in Fig. 43 and ])Iace it in 
Fig, 44 from h to i on either aide; on a line drawn through the 
points J'-ri, draw an ellipse ehown. Fig. 45 shows the method 
of drawing the pattern for the tapering handle. From the iigiire 
we find that we have a fmstuni of a right cone. To illustrate each 
step the handle has bwn slightly enlarged, n, «,_;,_?" represents 
II, o,J,j'in Fig. 4y. Draw the half section in Fig. 45 as shown, 
and divide it into equal parts; 
drop perpendiculars as'shown to 
the line jii>, and from these 
points draw lines to the apex h, 
which is obtained by extending 
the lines nj' and oj until they 




Fig. 47. 



Fig. 46. 

meet at h. Where the radial 

lines intersect the line JJ' draw 

lines at right angles to the 

center line 3b, intersecting the 

side of the handle o i at I'^S', 

8', 4' and 5'. Now with J as a center and J« as a radios, 

describe the arc 1-1, upon which place twice the number of spaces 

contained in the half section a. From these points on 1-1 draw 

radial lines to b and cut them with arcs struck from b as center 

and radii equal to bl\ b2; bti', bi' and J5'. Trace a line through 

points thus obtained to complete the pattern. 

Colander. Fig. 46 shows another well-known form of tin 
ware, known as a colander. The top and bottom are wired and 
the foot and body seamed together, the handles of tinned malleable 
iron being riveted to the body. In Fig. 4T is shown how to lay 
out the patterns. Draw the elevation of the body A and foot B 
and extend the sides of the body and foot until they meet reapee-'' 
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tively at C and D on the center line ah. Draw the half section on 
the line 1-7 and divide it into equal parts as shown. For the body 
use C as a center and describe the arcs shown, laying off the 
stretchout on the lower arc, allowing edges in the usual manner. 
Then E will be the half pattern for the body. ' In the usual man- 
ner obtain the pattern for the foot shown at F, the pattern being 
struck from D* as center, with radii obtained • from tlie elevation 
Dl and Dc\ 
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TABLE OF STANDARD OR REGULAR TIN PLATES. 



Size and Kind off Plates, Number and Weight off Sheets In a Box, and 
Wire Quage Thickness, off Every Kind and Size. 



Size. 

• 


Grade. 


Sheets 
in Box. 


Pounds 
in Box. 


Wire 
Guage. 


10x10 


IC 


225 


80 


1 

29 


»( 


IX 


225 


100 


27 


ik 


IXX 


225 


115 


26 


u 


IXXX 


225 


130 


25 


u 


IXXXX 


225 


145 


24 1-2 


10x14 


IC 


225 


112 


29 


n 


IX 


225 


140 


27 


u 


IXX 


225 


161 


26 


(t 


IXXX 


225 


182 


25 


u 


IXXXX 


225 


2a3 


24 1-2 


a 


IXXXXX 


225 


224 


24 


u 


IXXXXXX 


225 


245 


23 1-2 


10x20 


IC 


225 


160 


29 


(( 


IX 


225 


200 


27 


11x11 


IC 


225 


95 


29 


(( 


IX 


225 


121 


27 


(i 


IXX 


225 


139 


26 


t( 


IXXX 


225 


157 


25 


(( 


IXXXX 


225 


175 


24 1-2 


11x15 


SDC 


200 


168 


26 


« 


SDX 


200 . 


189 


25 


u 


SDXX 


200 


210 


24 1 2 


11 X 15 


SDXXX 


200 


230 


24 


12x12 


IC 


225 


112 


29 


a 


IX 


225 


140 


27 




IXX 


225 


161 


20 


•« 


IXXX 


225 


182 


25 


(( 


IXXXX 


225 


203 


241-2 


u 


IXXXXX 


225 


224 


24 


ii 


IXXXXXX 


225 


245 


23 1-2 


1212x17 


DC 


100 


98 


28 


it 


DX 


100 


126 


26 


i( 


DXX 


100 


147 


24 


(( 


DXXX 


100 


168 


23 


tt 


DXXXX 


100 


189 


22 


(( 


DXXXXX 


100 


210 


21 


13x13 


IC 


225 


135 


29 


u 


IX 


225 


169 


27 


u 


IXX 


225 


194 


26 


it 


IXXX 


225 


220 


25 


it 


IXXXX 


225 


245 


24 1-2 


13x17 


IXX 


225 


254 


26 


13x18 


IX 


225 


234 


27 


(t 


IXX 


225 


269 


26 


14x14 


IC 


225 


157 


' 29 


it 


IX 


225 


19(5 


27 


tt 


IXX 


225 


225 


26 


u 


IXXX 


225 


255 


25 
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TABLE OF STANDARD OR REGULAR TIN PLATES.-- Con 



Size. 


Grade. 


Sheets 
in Box. 


Pounds 
in Box. 


Wire 
Grauge. 




14x14 


IXXXX 


255 


284 


24 1-2 




14x17 


IX 


225 


238 


27 




14x20 


IC 


112 


113 


29 




4* 


IX 


112 


143 


27 




(( 


IXX 


112 


162 


26 




i( 


IXXX 


112 


183 


25 




t< 


IXXXX 


112 


202 


24 1-2 




15x15 


IX 


225 


225 


27 




ii 


IXX 


225 


259 


26 




• 


IXXX 


225 


2as 


25 




»t 


IXXXX 


225 


■ 326 


241-2 




15x21 


IX 


112 


158 


27 




(i 


DXX. 


100 


218 


24 




(i 


DXXX 


100 


249 


23 




4i 


DXXXX 


100 


280 


22 




16x22 


IXX 


112 


190 


26 




(( 


SDXX 


1(X) 


210 


241-2 




u 


SDXXX 


100 


230 


24 




16x16 


IC 


225 


205 


29 




u 


IX 


225 


256 


27 




u 


IXX 


225 


294 


26 




a 


IXXX 


225 


3as 


25 




n 


IXXXX 


225 


371 


24 1-2 




17x17 


IC 


225 


231 


29 




17x17 


IX 


225 


289 


27 




(( 


IXX 


112 


166 


26 




k( 


IXXX 


112 


188 


25 




4i 


IXXXX 


112 


210 


24 1-2 




17x25 


DC 


100 


196 


28 




(( 


DX 


100 


252 


26 




u 


DXX 


50 


146 


24 




4( 


DXXX 


50 


168 


23 




u 


DXXXX 


50 


189 


22 




44 


IX 


112 


213 


27 




(( 


IXX 


112 


244 


26 




18x18 


IX 


112 


162 


27 




44 


IXX 


112 


186 


26 




44 


IXXX 


112 


211 


25 




44 


IXXXX 


112 


235 


241-2 




19x19 


IC 


112 


144 


29 . 




44 


IX 


112 


180 


27 


• 


44 


IXX 


112 


207 


26 




44 


IXXX 


112 


234 


25 




44 


IXXXX 


112 


262 


241-2 




20x20 


' IC 


112 


160 


29 




44 


IX 


112 


200 


27 




44 


IXX 


112 


230 


26 




44 


IXXX 


112 


260 


25 




4k 


IXXXX 


112 


2^)0 


24 1-2 




20 X 28 


IC 


112 


224 


29 




ik 


1 IX 


! 112 


280 


27 




44 


IXX 


112 


322 


26 
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TERNE PLATES. 





Size. 1 


Grade. 


Sheets 
in Box. 


Pounds 
in Box. 


Wire 
Gauge. 




14x20 


IC 


112 


112 


2?) 




kk 


IX 


112 


HO 


27 




20x28 


IC 


112 


224 


29 




(« 


IX 


112 


280 


27 




20x200 


IC 


Roll 


170 


29 




1 


IX 


4* 


220 


27 
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EXAMINATION PLATES. 

Drawincr Plates I to IV inclusive constitute the examination 
for this Instruction Paj)er. The student should draw these plates 
in ink and send them to the School for correction and criticism. 
The construction lines and points should be clearly shown. The 
date, student's name and address, and plate number should be 
lettered on each plate in Gothic capitals. 

In preparing the plates, the student should practice on other 
paper, and then send finished drawings for examination. The 
j)lates of this instruction paper should be laid out in the same 
manner and of the same size as the plates in Mechanical Drawing 
Parts I, II and III. 

PLATE I. 

On this plate, the intersection between two right cones is 
shown. This problem arises in the manufacture of tinware in 
such instances as the intersections between the spout and body 
as in a teapot, watering pot, kerosene-oil can, dipper handle and 
body, and other articles. It is one of the most complicated prob- 
lems arising in tinsmith work. The problem should be drawn in 
the center of the sheet making the diameter of the base A 4 
inches and the height of the cone B 4 J inches. The distance 
from X to Y should be 1 inch. From the point F measure down 
on the side of the cone a distance of 3J inches and locate the 
point C, from which draw the axis of the smaller cone at an angle 
of 45^ to the axis of the larger cone. From C measure on CL 
1| inches locating the point 6'; through this point, at righfr angles 
to the axis, draw ED equal to Ih inches. From the point 4' on 
the base of the cone, measure up on the side of the cone a distance 
of ^ inch as indicated by o, and draw a line from^ to E, extending 
it, until it intersects the axis LC at L. From L draw a line 
through D extending it until it intersects the larger cone at a. 
Then Dfl^(?Ewill represent the outline of the frustum of the 
smaller ©one in elevation. 

The next step is to obtain the line of intersection betw^een 
tb^ two cones, but before this can be accomplished, horizontal 
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sections must be made through various planes of the smaller cone 
cutting into the larger. As the intersection of each half of the 
smaller cone with the larger one is sjmetrical, and as the small 
cone will not intersect the larger one to a depth greater than the 
point 1 in plan, divide only one-quarter of the plan into a number 
of equal spaces as shown by figures 1 to 4; from these points 
draw radial lines to the center F* as shown. Also from points 1, 
2, 3 and 4 erect vertical lines intersecting the base of the cone at 
1', 2', 3' and 4' respectively, from which points draw radial lines to 
the apex F. 

Now with 6' on the line ED as a center describe the cilx*le 
shown, which represents the true section on ED. Divide each 
semi-circle into the same number of divisions as shown by the 
small figures D, 5, 6, 7, and E on either side. From these points at 
right angles to ED draw lines intersecting the center line ED at 5'. 
6' and 7'. From the apex L draw lines through the intersection 5*, 6' 
and 7', and extend them until they intersect the axis of the large cone 
at e and the base line at h and 72. The student may naturally ask 
why the radial lines in the small cone are drawn to these points. 
As it is not known how far the smaller cone will intersect the larger 
one, we obtain such sections on the planes just drawn, as we think 
will be required to determine the depth of the intersection. Thus 
the radial line drawn through 5' intersects the radial lines through 
4'^ 3', 2' and 1' in the larger cone, at i, e, d and e respectively. 
The radial line through 6' intersects radial lines in the larger cone 
aty, ^, i^j and the base line at A, while the radial line drawn 
through the point 7', intersects the radial lines of the larger cone 
at I and in and the base at n. We know that the line Da and YtO 
of the smaller cone intersect the larger cone at points a and o re- 
spectively, and determine the true points of intersection; these are 
shown in plan by a* and o\ and therefore no horizontal sections 
are required on these two planes. For the horizontal section on 
the plane 5 <?, drop vertical lines from the intersections i, c and d 
on the radial lines, intersecting radial lines having similar num- 
bers in plan as shown by J', c' and d' , To obtain the point of in- 
tersection in plan of e in elevation, draw from the point e a hori- 
zontal line intersecting the side of the cone at ^^, from which point 
drop a perpendicular line intersecting the center line in plan at a\ 
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Then using F^^^ as radius, describe an arc intersecting the radial 
line 1 at e. Through the points e\ d\ c* and h' draw a curved 
line, which is the half horizontal section of J ^ in elevation. In 
the same manner obtain the sections shown in plan by /*, A', ?',/ 
and 1c'\ and l\ m' and n\ which have similar letters and figures in 
both plan and elevation. The. next step is to obtain the intersec- 
tions where the radial lines of the smaller cone will intersect these 
sections in plan just obtained. To avoid a confusion of lines 
which would otherwise occur, a reproduction of the plan and ele- 
vation has been transferred to Plate II. 

PLATE II. 

The figures on this plate are similar to those on Plate I and 
have similar letters and figures; those letters and figures being 
omitted which are not necessary. This plate should be studied 
carefully before proceeding. The reproducing from Plate I can 
be best done by using a needle point or the small needle which is 
usually found in the handle of the drawing pen, when unscrewing 
the pen from the handle, and pricking through Plate I, very small 
indistinct prick marks. Omit all that is omitted in Plate II, 
where it will be noticed that the radial line in elevation, of the 
larger cone, and some of the various small letters in plan are not 
represented. 

To obtain the plan view of the smaller cone, proceed as fol- 
lows: Extend the line F* 4 in plan as shown by F^ E^. From the 
apex L of the smaller cone drop a vertical line intersecting F^ E^ at 
L^, which represents the aj)ex of the smaller cone in plan. With 
L^ as center and radius equal to the radius 6' D describe the circle 
E^ D* and divide the circumference into the same number of spaces 
as ED, being careful to number the spaces as is there shown. The 
reason for doing this may be better understood from what follows: 
Assume that ED is a pivot on which the circle turns, so that it 
lies on a plane ED, then by looking down fK)m the top, the points 
6 and 6 appear as shown by 6' and ()' in plan. 

A better illustration is obtained by cutting a card-board disc 
and after spacing it and numbering the points hold it in various 
positions until all the points become clear. Now from the inter- 
sections on ED in elevation, drop lines, intersecting horizontal 
lines drawx! from similar numbered points in the profile E^ D*, 
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thus obtaining the points of intersection D^, 5^, 6^, 7^ and E^. 
Trace a curved line throutjfh these points, which will give the 
the top view of ED. As the radial lines drawn through the 
points 5', C)' and 7' on the line ED of the smaller cone in 
elevation intersect the section lines he^ fTc and In respec- 
tively, the radial lines in plan drawn through the apex L* and 
points 5^, 6^5 and 7^ must intersect similar section lines in plan 
V e\f' h* and V ?/' respectively, as shown by points 5*, 6* and 7*. 
The points «' and o* are obtained by dropping perpendiculars from 
the points a and o in elevation onto the line E^ F^ in plan. 
Through the points thus obtained, draw the curved line a\ 5*, 6*, 
7*, o which will represent the plan view of one-half of the inter- 
section between the two cones, the other half being similar. 

Now from the intersections 5*, 0* and 7* on the section lines 
JV/,y' A*/ and /' 72' respectively, erect perpendicular lines inter- 
secting similar section lines in elevation h e^fk and In as shown 
respectively by points 5°, 6^ and 7°. 

A curved line traced through ^, 5°, 6°, 7° and o will represent 
the line of intersection between the two cones in elevation. At 
right angles to the axis of the smaller cone and from the inter- 
sections 6/, 5°, (r and 7^ draw lines intersecting the side of the 
cone E <? at D-^ 5-^ 6-^ and 7^. For the pattern of the smaller 
cone proceed as is shown in the following plate: 

PLATE III. 

On this plate the two patterns should be placed in the center 
of the sheet. Take the radius of LD in Plate II and with L in 
Fig. 1 of Plate III as center describe the arc DD. From L drop 
a vertical line as shown by L E^. Upon the arc DD meas- 
uring from either side of the point E, lay off the stretchout of 
the semi-circle E, 7, 6, 5, D in Plate Has shown by similar letters 
and figures on DD in Fig. 1 Plate III. From the apex L and 
through these points draw radial lines as shown and intersect them 
by arcs whose radii are equal to L D^, L 5^, L 6^, L 7-^ and L E-^ ih 
Plate II, as shown by similar letters and figures in Plate III. Trace 
a line through points thus obtained, and D, E, D, D-^, E'^, D^, D 
will be the j)attern for the small cone. As the pattern for the 
larger cone is obtained in the usual manner, we will only show 
how to obtain the opening to be cut into one side of the larger 
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cone to admit the intersection of the smaller. We must now 
again refer to Plate II. From the intersections /^ 5^ ', 7"", and 
o in elevation draw lines at ritjht anjjles to the line of the axis, 
intersecting the side of the cone at 4^, 5^, 6^\ 7^ and 4^^ 

Also in addition to the spaces 1, 2, 8 and 4 in the ])lan view, 
it will be necessary to obtain the points of intersection on the base 
line in j)lan, where the radial lines would intersect drawn from 
the apex F^ through the points of intersections between the two 
cones. This is accomplished by drawing lines from F^ through 
5^, 6* and 7* until they intersect the base line in plan at 5, (5 and 
7. All these points form the basis M'ith which to develop the 
pattern shown in Fig. 2 of Plate III, in which draw the vertical 
line F 4, and with F as a center and radii equal to FY, and F P 
in Plate II draw the arcs YY and PP in Fig. 2 of Plate III as 
shown. Kow starting from the point 4 on the arc PP on either 
side, lay ofiE the stretchout of 1, 6, 5, 7 and 4 in plan in Plate 
II as shown by similar numbers in Fig. 2 of Plate III. From 
the points 0, 5, 7 and 4 on either side draw radial lines to the 
apex F, which will be used to obtain the pattern for the opening. 
Now with F as center and radii equal to F 4^, F 5", F 6^, F 7^ 
and F 4^ in Plate II, describe arcs intersecting radial lines having 
similar numbers in Fig. 2 of Plate III as shown by intersections 
having similar numbers. A line traced through these points will 
be the required opening to be cut out of the pattern of the larger 
cone, one-half of which is shown by drawing radial lines from the 
points 1 and 1 to the apex F. 

PLAtE IV. 

In drawing this plate, the same size paper and border lines 
should be used as for the preceding plates. The subject for this 
plate is an oil tank resting on inclined wooden racks. The prob- 
lem involves patterns in parallel and radial-line developments. 
The drawing can be made to any convenient scale until the prob- 
lems are understood and should be proven by paste-board models. 
It should be drawn to a convenient scale, placing the pattern to 
till the sheet and make a neat appearance. The section, stretch- 
out lines, construction lines, and develo])ments should be num- 
bered or lettered, so as to prove the thorough understanding of 
the problem, and then sent to the School for correction. The var- 
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ious parts in the elevation and patterns have similar letters. A 
represents the tank body, the pattern being shown by A^. B shows 
the bottom, the pattern being shown by B*. The cone top and 
inlet D are shown developed by C* and D* respectively, while the 
outlet E and opening F in elevation are shown developed by E*, 
and F^ in the bottom B^ 
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In all elbow work the difficulty lies in obtaining the correct rise of the 
miter line. By the use of a protractor this is overcome and thus the necessity 
of drawing a complete quadrant is avoided. Following the rule given in the 
illustration the rise can be easily found, when the throat and diameter of the 
pipe is known. 

In the upper table are shown various pieced elbows, having different 
degrees when finished, and the various miter lines. There are six miter pat- 
terns shown, the first for a 6-pieced elbow having 90® when completed; the 
second for a 4-pieced 90° elbow; the third for a 3-pieced 90° elbow; the fourth 
for a 2-pieced 70° elbow; the fifth for a 2-pieced 90° elbow, and the sixth for 
a 2-pieced 105^ elbow. 

No matter what size of throat the elbow may have, or what diameter 
or number of pieces, always follow the rule given in the illustration and obtain 
the miter line ; then place the half profile in its proper position and place the 
full girth of the pipe on the line shown in the pattern by similar numbers. 
By reversing the cut opposite the line 1-7-1 the pattern for the middle pieces 
is obtained, after which one cut can l)e placed into tlie other as shown on 
Page 48 Sheet Metal Work, Part. I. 



* The illustration referred to will be found on the back of this ptige. 
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SHEET^MET AL WORK, 

PART I. 



The sheet-metal worker of today who wishes to succeed mnst 
know far more than was necessary years ago. There are many 
good, practical sheet-metal workers in tlie trade who are handi- 
capped because they {ire miable to lay out the patterns that arise 
in their daily work. Notwithstanding the introduction of labor- 
saving machinery, the demand for good workmen has increased. 
While most sheet-metal workers acquire practical knowledge in the 
shop, they lack the technical education necessary to enable them to 
become proficient as pattern cutters and draftsmen. In this 
course, special attention is given to the fundamental principles 
that underlie the art and science of pattern drafting. 

Practical workshop problems will be presented, such as arise 
in everyday practice, thus giving the student the practical 
experience that usually comes only after long association with the 
trade 

CONSTRUCTION. 

In constructing the various articles made from sheet metal, 
various gauges or thicknesses of metal are used. For all gauges 
from No. 20 to No. 30 inclusive, we assume in the development 
of the pattern, that we are dealing with no thickness, and we make 
no allowance for bending or rolling in the machine. But where 
the metal is of heavier gauge than No. 20, allowance must be made 
for shrinkage of the metal in the bending and rolling operations, 
which will be explained in connection with development in heavy 
sheet-metal work. What has been said about wiring, seaming, 
and transferring patterns in the Tinsmith's Course is applicable to 
this course also. It is sometimes the case that the capacity of a 
vessel or article must be determined, when the rules given in 
Mensuration should be followed. When figuring on sheet-metal 
work, the specifications sometimes call for various metals, such as 
galvanized sheet iron or steel, planished iron, heavy boiler plate, 
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band iron, square or round rods for bracing, etc., zinc, copper, or 
brass; and the weight of the metal must often be calculated together 
with that of stiffening rods, braces, etc. On this account it is 
necessary to have tabU^s which can ha consultinl for the various 
weights. 

TABLES. 

There is a wide difference bt»tween gauges in use, which is 
very annoying to those who use sheet metal rolled by diflFerent 
firms according to tlie various gauges adopted. It would be well 
to do away with gauge inimbers, and use the micrometer caliper 
shown in Fig. 1, which d(»termin(»8 tlie thickness of the metal by the 
decimal or fractional piirts of an inch. 




Pier.1. 

This is the most satisfactory method for the average mechanic 
who works sheet metiil manufacturtMi by firms using diflFerent 
gauges. The tables on pages 61 to 74 can be consulted when 
occasion arises. 

SHOP TOOLS. 

In allowing edges for seaming and wiring, we must bear in 
mind that when a seam is to be groovtKi by hand or machine the 
allowance to be made to the pattern should conform to the rolls in 
the machine or the hand tools in Uh,e. The edges of the pattern 
are usually bt^nt on the shei*t-iron foldt^r, or brake, while the seam 
can be seamed or groovwl with tlu» hand groover or giant grooving 
machine. Where round pi ^k) work is done in lengths up to 3 feet, 
the slip roll former is used, while sqiuire or rectangular pipes are 
bi^nt up on the brak(i in 8-foot lengths. Where pipes, elbows, 
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stove bodies, furnace shells, metal drums, etc., a^re made, the sheets 
are cut square on th(^ large squaring shears, rolled, grooved, and 
stiflFened, by beading both ends in the beading machine, using 
ogee rolls. There is also a special machine for seaming the cross 
seams in furnace pipes, also a st*t of machines for the manufacture 
of elbows used in sheet-metal work. As before mentioned, if these 
machines are at hand, it will be well to make slight modifications 
in the patterns so that both the machines and patterns may work 
to advantage. 

PATTERNS OBTAINED BY VARIOUS METHODS. 

In this course will be explained the four methods used in 
developing patterns for sheet-metal work, namely, parallel line, 
radial line, triangulation, and apjjroximate developments. What 
was said on jmrallel and radial line developments in the Tinsmith's 
Course is applicable to this course also. 

INTERSECTIONS AND DEVELOPMENTS. 

The following problems on parallel line developments have 
been selected because they have a particidar bearing on pipe work 
arising in the sheet-metal trade. All of the problems that will 
follow should be carefully studied, drawn on cheap paper, and 
proven by cardboard models. These models will at once show any 
error in the ^mtterns which might otherwise be overlooked. As 
only the Examination Plates are to be sent to the School, the 
student shoidd draw all the other plates given in this course. 

The first problem to be drawn is shown in Fig. 2, being the 
intersection between a cylinder and octagonal prism. In drawing 
these problems for practice, make the cylinder and octagonal prism 
both 2 inches in diameter. The height of the cylinder from B to 
E should be 4^ inches ; and the length of the prism from G to H, 
3 inches. Let A represent the plan of the cylinder, shown in 
elevation by B C D E ; and P, the section of the prism, shown in 
plan by G H I J. Number the comers of the section F as shown, 
from 1 to 4 on both sides ; and from these points draw horizontal 
lines intersecting the jDlan of the cylinder at 2 ' 3 ' and 1 '4 ' on both 
sides as shown. Establish a convenient intermediate point of 
intersection between the comers of the prism, as a and a in A, from 
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-wh ich draw horizontal lines intersecting the section F at a ' , a ' , a ' , 
and a ' . Take a tracing of the section F with its various inter- 
sections, and phict* it in its proper ix)sition as shown by F\ in the 




center of the cylinder BODE, allowing the section to make a 
quarter turn, and bringing the points 6 ' J ' at the top and bottom 
on a vertical line, while in the section F, J ' V are on a horizontal 
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line. Prom the various intersections in F^, draw horizontal lines 
intersecting vertical lines drawn from similarly nimibered inter- 
sections in the plan A, as shown in elevation. A line drawn 
through these points will represent the joint between the cylinder 
and prism. 

For the development for the prism, extend the line H I in plan 
as N K, uix)n which place the stretchout of all the points contained 
in the section F, as shown by similar figures and letters on N K. 
Through these points, at right angles to N K, draw lines which 
intersect with lines drawn from similarly numbered points and 
letters in plan, at right angles to J I. Trace a line through points 
thus obtained, and K L M N will be the desired pattern. To obtain 
the development for the opening in the cylinder, extend the line 
D E in elevation as S O, upon which place the stretchout of all the 
points contained in the half -circle A, as shown by similar numbers 
and letters on S O. At right angles to S O and through these 
IX)ints, draw lines intersecting horizontal lines drawn from inter- 
sections having similar numbers and letters in elevation, thus 
obtaining the intersections shown by T U V W, which will be the 
shape of the opening to be cut into one-half of the cylinder. 

In Fig. 3 is shown the intersection between a hexagonal and 
quadrangular prism, the hexagonal prism being placed in elevation 
at an angle of 45° to the base line. When drawing this problem 
for practice, make the height of the quadrangular prism 4| inches, 
and each of its sides 2 inches. Place the hexagonal prism at an 
angle of 45° to the base line, placing it in the center of the 
quadrangular prism in elevation as shown; and inscribe the hex- 
agonal section in a circle whose diameter is 2^ inches. Let A 
represent the plan of the quadrangular prism placed diagonally as 
shown, above which draw the elevation BODE. In its proper 
position and proper angle, draw the outline of the hexagonal prism , 
as shown by 1^ 1" 4' 4"^; and on 1^4" draw the half section as 
shown by F, numbering the comers 1' 2' 3* and4''. From the 
comer 1 ' in the plan A, draw the center line 1 ' 4. Take a tracing 
of the half section F, and place it as shown by F', placing the 
points 1' 4' in F on the center line in F' as shown. From the 
comers 1, 2, 3, and 4, draw lines parallel to the center line, intersect- 
ing the two sides of A (J 1' and 1' a) at 2' 3' and 1 ' 4', as shown. From 
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these intersections draw vertical lines, which intersect by lines 
drawn parallel to 4' 4^ from comers having similar numbers in F, 
Ihns obtaining the points of intersection 1^ 2^ 3^ and 4^. Dropping 
vertical lines from the intersections on the plane 1 ' 4' in elevation, 
and intersecting similarly numbered lines in plan, will give the 
horizontal section of 1' 4', as^shown by 1° 2° 3° and 4°, 




For the development of the hexagonal prism, extend the line 
4' 1' as shown by H J, upon which place the stretchout of twice 
the nxmiber of spaces contained in the half section F, as shown by 
similar figures on the stretchout line H J. From these points, at 
right angles to H J, draw lines as shown, which intersect by lines 
drawn at right angles to the line of the prism from intersections 
1^ to 4^, thus obtaining the points of intersection 1^ to 4^. Lines 
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traced from point to ix)int as shown by J K L H, will be the 
required development. The shape of the opening to be cut into the 
quadrangular prism, is obtained by extending the line D E in 
elevation as N O, upon which place the stretchout of one-half 
the section A, with the various points of intersection, as shown by 
similar figures on O N. At right angles to O N erect lines from 
these points, which intersect by lines drawn from similarly 
numbered intersections in elevation at right angles to the quad- 
rangular prism, thus obtaining the points of intersection 1'" to 4'" 
on both sides. Then N O P R will be the half development. 

Fig. 4 shows the intersection between two cylinders of equal 
diameters at right angles. Make the height of the vertical cylinder 
3 inches, that of the horizontal cylinder 1^ inches, and the diameters 
of both 2 inches. Let A represent the plan of the vertical cylinder, 
and B its elevation. Draw the plan of the horizontal cylinder C, 
shown in elevation by D placed in the center of the vertical 
cylinder. Draw the half section E in plan and divide it into 
equal parts, as shown from 1 to 3 to 1. In a similar manner draw 
the half section E* in elevation, which also divide into the same 
number of s{)aces as E, reversing the numbers as shown. 

The following suggestions are given to avoid confusion in 
numbering the points or comers of irregular or roimd sections in 
plan and elevation. If the half section E were bent on the line 1-1 
and turned upward toward the reader, and we should view this 
section from the front, the jpoint 3 would be at the top, or, if bent 
downward, would be at the bottom; therefore the points. 3 and 3 in 
elevation are placed at top and bottom. Now if the section E^ in 
elevation were bent on the line 3-3 either toward or away from the 
reader, the point 1 when looking down would show on both sides as 
shown' in plan, which proves both operations. No matter whether 
the form is simple, as here shown, or complicated as that which 
will follow, the student should use his imaginative power. Study 
the problem well; close your eyes and imagine you see the finished 
article before you, or, failing in this, make a rough model in the 
shop or a cardboard model at home, which will be of service. Now 
from the intersections in E, draw horizontal lines intersecting the 
circle A at 1', 2' and 3' on both sides. From these points erect 
perpendicular lines and intersect them with horizontal lines drawn 
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Fig. 4. 
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from similarly nmiibert'd iiiti^rst'ctions in E^ Lines traced through 
these points 3* 2' 1" and 1" 2" 3' will be straight because both 
branches are of equal diameters. 

For the development of the cylinder D in elevation, extend 
the line 3-3 as shown by P G, upon which place the stretchout of 
twice the number of spaces contained in E^, as shown by similar 
numbers 3"^ to 1*^ to 3° to 1° to 3° on the stretchout line F G. 
From tht»se points, at fight angles to G F, draw lines, and 
intersect them by lines cb'awn i^irallel to the cylinder B from similar 
numbers in the joint lini\ Trace a line through these points in 
the develox)ment, when F G H I will be the desired shape. 

For the opening to bi^ cut into the cylinder B to receive the 
cylinder D, extend the base of the cylinder B as shown by 1^ 1^, 
upon which place the stretchout of the half circle A in plan, as 
shown by similar figures on the stretchout line 1^ 1^. From these 
points erect peri)endiculars, which intersect by lines drawn from 
similarly numbered intersections in elevation at right angles to the 
line of the cylinder B. Trace a line through the intersections 
thus obtained; J K L M will be the shape of the opening. 

Fig. 5 shows the intersection of two cylinders of unequal 
diameters at an angle of 45°. Make the diameteraof the large and 
small cylinders 2 inches and IJ inches respectively; the height of 
the large cylinder 3 inches ; and the length of the small cylinder 
measured from its shortest side in elevation, 1 inch, placed at an 
angle of 45° in the center of the cylinder B. A represents the 
plan of the larg(^ cylinder struck from the center a and shown in 
elevation by B. Draw the outline of the small cylinder C at its 
proper angle, find place the half section D in its position as 
shown; divide* it into a numbtT of equal spaces, {is shown from 
points 1 to 5. Through the center a in plan, draw the horizontal 
line a 5; and with h as a center describes a duplicate of the half 
section D with the various points of intersection, as shown by D^, 
placing the points 1 and 5 on the horizon till line a 5. From the 
intersections in D^ draw horizontal lines intt»rsecting the large 
circle A at 3' to 3' as shown, from which ix)ints erect perjx^ndicular 
lines; intersect them by lines drawn parallel to the lines of the 
smaller pipe from similarly numbered intf^rsections in D. A line 
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traced through tho points thus obUiiiuMl will ropresezit th(i iiitt^r- 
section or miter joint between the two pi^x's. 

These same principles are applicable no matter what diametc^rs 
the pipes have, or at what angle th(*y are jointHl, or whether the 




Fig. 5. 

pipe is placed as shown in plan or at one side of the center line. 

For the development of the small cylinder extend the line 5-1 

in elevation as shown by F E, upon which place the stretchout 
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of the circle D' in plan, or twice the amount of D in elevation, 
as shown by similar figures on the stretchout line F E. At right 
anglt^s to F E and through these small figures, draw lines which 
intersect' with lines drawn at right angles to the lines of the 
small cylinder from similarly numbered intersections in the 
miter line in elevation. Trace a line through the points thus 
obtained; E F G will be the develoi^ment for the cylinder C. 

To obtain the o^xining in the large 
cylinder extend the lines of the large 
cylinder in elevation as shown at the bas(^ 
by H J, uxxjn which place the stretchout 
of the intersections contained in the, circle 
A, being carefid to transfer each space 
separately (as they are miequal) to the 
stretchout line H J. Through these points 
and at right angles to H J erect lines which 
intersect with horizontal lines drawn from 
similar points in the miter line in elevation 
A line traced through the points thus 
obtained, as shown by K L M N, will be 
the desired development. 

Fig. 6 shows the intersection between 
a quadrangular prism and sphere, the centiir 
of the prism to come directly over the center 
of the sphere. Make the diameter of 
the sphere 2 J inches, the sides of the 
i)rism 1| inches, and the height from f 
to c' 2| inches. Draw the elevation of the 
sphere A which is struck from the center 
a, from which erect the perpendicular a h. Witli any ix)int, as c, 
as a center and using the same radius as that used for A, describe the 
plan B. Through c draw the two diagonals at an angle of 45°, and 
draw the plan of the prism according to the measurements given. 
Now draw the elevation of the prism ^c' and/' c, the sides of the 
prism intersecting the sjjhere at c and c' . From either of these points 
draw a horizontal line intersecting the center line a J at rf. Then 
using ^^ as a center and a d as the radius, describe the arc e e ' 
intersecting the sides of the prism extended at e and (^^ \ f e e' f 




Fig. 6. 
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will be the developmeut for oue of the si(lc»s of the prism. In 
practice the four sides are joined in one. 

Fig. 7 shows the intersection of a quadrangular prism and 
sphere when the center of the prism is placed to one side of the 
center of the sphere. Make the diameter of the sphere the same 
as in the preceding figure; through x in the plan draw the 45° 
diagonal, and make the distance from a? to A J inch, the sides of 
the prism 1 inch, and the height from E to ^ in dentation 1 J inches. 

Having drawn the eh^vation and plan of 
the spheres, construct the plan of the prism 
as shown by A B C D. Parallel to the 
center line x y project the prism in eleva- 
tion intersecting the sphere at a and c. 
Now since the center of the sphere is on 
one of the diagonals of the prism in plan, 
(*ither two of the sides meeting at one end 
of that diagonal, as B C and C D, will be 
alike, and both will be diflferent from the 
other two sides A B and A- D, meeting at 
the opposite end of the diagonal. There- 
fore the line F a in elevation will be used 
in obtaining the development of D O in 
plan, while the line E c will be used in 
obtaining the development for the two 
sides D A and A B in plan. 

Now from a draw a horizontal line 
int(»rsecting tlie centt^r line a; ^ at J/ 
and using y as a c(*nt(T and y ft as the 
radius, describe the arc (x H intersecting 
the sides of the prism (extended to G 
and H. Then E F (t H is the dovelopnunit for each side of the 
prism shown in plan by P C and C B. In a similar manner, from 
the intersection c in c^tnation draw a horizontal line intersecting 
the center line a? y at d. Then using y as center and y diis radius, 
describt^ an arc intersecting the sides of the prism at e andy! E 
FJ'e will show the development for either side of the prism shown 
in plan by D A and A B. By connecting the points G and f it 
will be foimd that the line is a tnie horizontal line, which proves 




Fig. 7. 



78 



SHEET-METAL WORK 15 

the two developments. Should the plan of the prism be so placed 
on the sphere that all sides would be different, then two elevations 
would be necessary so that the intersections of all the sides could 
be shown. 

Developments by Triangulation. In developing sheet-metal 

work of irregular forms, patterns are required which cannot be 
developed by either the parallel or radial-line methods. These 
irregular shapes are so formed that although straight lines can be 
drawn upon them the lines would not run parallel to one another, 
nor would they all incline to a common center. In the methods 
previously described, the lines in parallel developments nm parallel 
to one another, while in radial-line developments all th6 lines meet 
at a common center. Hence in the development of any irregular 
article, it becomes necessary to drop all previous methods, and 
simply proceed to measure up the surface of the irregular form, 
I>art by part, and then add one to another until the entire surface 
is developed. To accomplish, this, one of the simplest of all 
geometrical problems is made use of and shown in Part II of 
Mechanical Drawing, Plate V, Problem 11, entitled "To construct 
a triangle having given the three sides." To carry out this method 
it is necessary only to divide the surface of the plan or elevation 
of any irregular article into a number of equal parts. Use the 
distances in plan as the bases of the triangles, and the distances in 
elevation as the altitudes or heights of the triangles, or vice versa; 
and then find the hypothenuse by connecting the two given lengths. 

To illustrate this simjile principle Fig. 8 has been prepared. 
Let A B C D represent the plan of a plane surface, shown in 
elevation by A^ B^ We know that the true length of the plane 
is equal to A^ B^ and the true width is e(j[ual to A D or B C in plan. 
We also know that the vertical height from the bottom of the plane 
A* to the top B* is equal to B' J as shown. But suppose we want 
to obtain the true length of the diagonal line B D in plan on the 
developed plane. To obtain this it will be necessary only to take 
the length of B D, place it from b to D^ and draw a line as shown 
from B^ to D\ which is the length desired. 

While this may look very simple, it is all that there is to 
triangulation, and if the student thoroughly iniderstands the siuq^le 
principle and studies the problems which will follow, he will have 
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no trouble*, in applying this principle in coniplicatcxl work. To 
make it still clearer we will prove the length of the line B* D^. 
Take the clistanc43 of A^ B^, place it in plan as shown by A B^, and 
complete the rectangle A B^ C^ D. Draw the diagonal B^ D, being 
the length sought, which will be found to equal B^ D^ in elevation. 
When drawing this problem in practice, make the plan 4 by 6 inches 
and the vertical height in elevation 5 inches. 

In obtaining developments by triangulation. the student should 
ase all of his concept! ve powers as previously explained. Before 

B* making any drawing, he must 

see the article before him in his 
mind's eye, so to speak, before 
he can put it down on paper. 
Therefore we want to impress 
upon the student the necessity of 
drawing all the problems that will 
follow in this part and in the Prac- 
tical Workshop Problems. It 
should be understood that tri- 
angulation is not given as an 
alternative method, but is used 
when no other method can be 

m 

employed, and without it no true pattern could be obtaincnl for 
these irrt^gular shapes; hence the necessity of close study. 

In Fig. 9 is shown an irregular solic whose base and top are 
triangles crossing each other, and in which the principle just 
explained will be jnit to practical test Inscribe the triangles 
shown in jjlan in a circle whose radius is equal to a 1, or 1^ inches^ 
and make the height of the article in elevation 2 inches. The 
dotted triangles 1 2 3 in plan rei^resent the section of the article on 
the line 2-3 in elevation: and the solid triangle 1^ 2^ 3^ in plan, the 
section on the line 2' 3^ in elevation. Now connect the two sections 
in plan by drawing lines from 1 to 2^ and to 3\ from 2 to 2^ and to 
1\ and from 3 tc 1^ and to 3^. In a similar manner connect the 
points in elevation as shown. It now becomes necessary to obtain 
a triangle giving the true h^ngth of the lines connecting the 
coriuTS of the triangle in i)lan, and as all of tli(*se lin(*s are equal 
only om^ triangle is necessary, Therefore take the distance from 
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1 to 2^ in plan and place it on the line 3-2 extended in elevation, 
as shown from 2 to 1°, and draw a line from 1° to 2^ which is the 
desired length. 

For the j)attem, proceed as is shown in Fig. 10. Take the 
distance of any one of the sides in the triangle, as 1-2 in Fig. 9. 
and place it on the horizontal line 3> elevation 2* 
1-2 in Fig. 10. Then using 1 and ^ ^ ^ 

2 as centers, with 1° 2^ in elevation 
in Fig. 9 as radius, describe the 
arcs in Fig. 10 intersecting each 
other in 2^. Then 1 2 2^ will be 
the pattern for one of the sides 
shown in plan in Fig. 9 by 1 2 2^. 
Proceed in this manner in Fig. 10 
as shown by the small arcs; or a 
tracing may be taken of the one 
side 1 2 2^, and traced as shown 
until six sides are obtained, which 
will be the full pattern and which 

« 

is numbered to correspond to the 
numbers in plan. 

In Figs. 11, 12, and 13 are shown the methods used in develop- 
ing a scalene cone. The method of obtaining the development of 
any scalene cone^ even though its base is a perfect circle, is governed 
by the same principle as employed in the last problem on triangu- 




Fig. 9. 




Fig. 10. 

lation It is well to remember that any section of a scalene cone 
drawn parallel to its base will have the same shaix^ (differing of 
course in size) as the base. This is equally true of articl(»s whose 
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bases are in the shai)e of a square, rectiingle, hexagon, octagon, or 
any other polygon. What has just been exidained will be i^roven 
in connection with Fig. 11, in which ABC represents a sid(i 
elevation of a scalene cone, whose plan is shown hf 1 4} 1 4l C^ 
Draw any horizontal line, as A D, on which set off the distances 



ID 










be 

Si 



A B equal to 3 inches and B D equal to 2^ inches, and the 
vertical height D C equal to 4^ inches. Draw lines from B and 
A to C, which comi)letes the elevation. In its proixT ix)sition 
lx4ow the line A B, draw the plan of A 1^ a.s 14 7 4^ struck from 
the center C. Through C draw the horizontal line C C^, and 
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intersect it by a vertical line drawn from the apex C in elevation, 
thus obtaining the apex C^ in plan. Draw lines from 4 and 4^ to C^, 
which completes the plan. 

As both halves of the scalene cone are symmetrical, it is 
necessary only to divide the half jJan 14 7 into a number of equal 
spa<;es as shown by the small figures 1 to 7, and from points 
thus obtained draw radial lines to the apex C^. Then these lines 
in plan will represent the bases of triangles which will be con- 
structed, whose altitudes are all equal to D C in elevation. There- 
fore in Fig. 12 draw any horizontal line, as A B, and from any 
point, as C, erect the perpen- 
dicular line C 0^ equal in 
height to D C in Fig. 11. 
Now from C^ in plan take the 
various lengths of the lines 1 
to 7 and place them on the 
line A B in Fig. 12, mcasur- 7; 
ing in every instance from 
the point 0, thus obtaining 
the intersections 1 to 7, from 
which lines are drawn to the 
apex C^. Then these lines will 
represent the true lengths of 
similarly ntmibered lines in ^ 

plan in Fig. 11. Fig. 13. 

For the pattern proceed as is shown in Fig. 13. With as 
center and radii equal to C^ 7, 6, 5, 4, etc., in Fig. 12, describe the 
arcs 7-7, 6-6, 5-5, 4-4, etc., in Fig. 13 as shown. Now assuming 
that the seam is to come on the short side of the cone, as C B in 
Fig. 11, set the dividers equal to one of the equal spaces in 
the plan; and starting on the arc 7-7 in Fig. 13, step from arc 7 to 
arc 6, to arcs 5, 4, 3, 2, and 1, and then continue to arcs 2, 3, etc., 
up to 7. Trace a line through these intersections as shown by 
7-1-7, and draw lines from 7 and 7 to 0, which completes the 
pattern. 

Now to prove that any section of an oblique or scak^ne cone 
cut jJiiralli'l to its base, has a similar shape to its hose (differing in 
size), draw any line as a h in Fig. 11 jmrallel to A B. Prom O in 
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plan erect a vertical line intersecting the base line A B at r/, from 
which draw a line to the apex C, cutting the line a h at e. Then 
the distances e a and e h will be equal; and using c as a center and 
^ J as radius, describe the circle a fh i, which is the true section 

on a h. Then a J B A 
will be the frustum of 
a scal(»ne cone. Extend 
the line a h ijarallel to 
A D, cutting the diagram 
of triangles in Fig. 12 
from a to h. Then with 
radii equal to the dis- 
tances from C^ to the 
various intersections on 
the line a J, and using 
C in Fig. 13 as center, 
intersect similarly num- 
bered radial lines drawn 
from 7 to 1 to 7 to the 
aix'x C. A line traced 
as shown from 7 ' to 1 ' 
to 7 ' will be the desired 
cut, and 7-7-7 '-7' will 
be the pattern for the 
isj frustum. The practical 
use of this metliod is 
sliown in diagram V in 
Fig. 11; «' is the frus- 
tum of the oblique cone, 
on the ends of which are 
connected round pipes 
Fig. 14. h ' and c ' . 

It is shown in Fig. 14 how in an irregular solid whose base is 
square and top is round, both top and bottom on horizontal planes 
are develoxxnl. ' The comers in plan FBG, GCH, HDE and 
E A F should be considered as si^ctions of scalene con(\s. Proci^ed 
by drawing the plan A B C D 3 J inches sc^uan*, wliich represi.'iits tin* 
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plun of the base of the article; and the circle E F G H 2^ inches 
in diameter, which shows the plan of the top of the article; the 
vertical height to be 3 inches, shown from a to 5. As the circle is in 
the center of the square, making the four comers symmetrical, it is 
necessary only to divide the one-quarter circle into a number of 
equal parts as shown by the small figures 1, 2, 2, 3, from which draw 
lines to. the apex B. Complete the elevation as show^i by IJ K L. 
Now using B as center, and radii equal to B 1 and B 2 in plan, 
describe arcs intersecting A B at 1' and 2' as shown. From these 
points erect perpendiculars intersecting the io\} of the article I J 




in elevation at 1" and 2", from which draw lines to K. Then K 1" 
and £2" will be the true lengths of the lines shown in plan by 
B 1 and B 2 respectively on the finished article. 

For the half pattern proceed as follows: In Fig. 15 draw any 
horizontal line, as A B, equal in length to A B in plan in Fig. 14. 
Now with K 1" as radius and A and B in Fig. 15 as centers, describe 
arcs intersecting each other at 1 From 1 drop a vertical line 
intersecting A B at K. Thou 1 K should i^qual J K in eh^vation 
in Fig. 14, which represents the true length through Gr N in plan. 
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Now with radii equal to K 1" and K 2' in elevation, and with B in 
Fig. 15 as center, describe the arcs 1-1' and 2-2'. Now set the 
dividers equal to one of the spaces in G F in plan in Fig. 14; and 
starting at 1 in Fig. 15, step off arcs having similar numbers as 
shown by 1, 2, 2', 1'. Now using 1 B as radius, and 1' as center, 
describe the arc B C, and intersect it by an arc struck from B as 
center and with B A as radius, as shown at C Take a tracing of 1 
B 1' and place it as shown by 1' CI'. Now connect the various 
intersections by drawing lines from 1 toA toBtoCto 
1' tol' to 1, which completes the half pattern. The triangu- 
lar pieces 1 A B or 1 ' B C will represent the flat sides of the 
article shown in plan by 1 A B or 3 B C respectively in Fig. 14; 
and the cone patterns 1-1' B and I'-l* C in Fig. 15, the sections of 
the scalene cones 1-3-B and H~G-C respectively in iJan in Fig. 14. 
This same rule is applicable whether the top o^x^ning of the article 
is placed exactly in the center of the base or at one side or comer. 
Various problems of this nature will arise in Practical Workshop 
Problems; and if the principles of this last problem are thoroughly 
understood, these will be easily mastered. 

Approximate Developments. In developing the blanks or 
patterns for sheet-metal work which requires that the metal be 
hammered or raised by hand, or passed between male and female 
dies in foot or power presses, circular rolls, or hammering machines, 
the blanks or patterns are developed by the approximate method, 
because no accurate pattern can be obtained. In all raised or 
pressed work in sheet metal, more depends upon the skill that the 
workman has with the hammer, than on the patterns, which are but 
api)roximate at tluur bi\st. While this is true, it is equally true 
that if tlu^ workman understands the scientific rule for obtaining 
these approximate patterns a vast amount of time and labor can be 
saved in bringing the metal to its projxT profile. If the true rule 
for averaging the various shapes and profiles in circular work is not 
understood, the result is that the blank has either too little or too 
great a flare and will not form to its proper profile and curve. 
Before proceeding to describe the approximate* development 
in(»tho(ls, attention is call(»d to the govc^ming princij)le underlying 
all such oixTations. We have i)rt»vi()usly shown how the pitti^nis 
are develo]x*d for sinq)le flaring ware; in oihvT words, how to 
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develop the frustum of a cone. The patterns for curved or any 
other form of circular or hammered work are produced upon the 
same principle. The first illustration of that principle is shown in 
Fig. 16, in which A B C D represents a sphere 3 inches in diameter 
composed of six horizontal sections, struck from the center a. 




Fig. 16. 

Divide the quartt^ circle A C into as many parts as there are 
sections required in the half sphere (in this case three), and draw 
horizontal lines through the baU as shown. The various radii for 
the patterns are then obtained by drawing lines through C J, J c, 
and A. Thus ft extended meets the center line E D at e, which 



87 



24 



SHEET-METAL WORK 



is the center for striking the blank for number 3, using the radii 
e h and e C. In similar manner draw a line from h to c, extending 
it until it meets E D at rf. Then d c and d h will be the radii for 
blank number 2, while A <? is the radius for blank 1 shown at S 
The lengths of the pattern pieces are determined in the same 
manner as would be the case with an ordinary flaring pan in 
producing the patterns for tin ware, and will be explained 




PLAN 

Pig. 17. 

thoroughly in the Practical Workshop) Problems which will 
shortly follow. 

In Fig. 17 is shown another elevation of a sphere composed of 
twelve vertical sections as shown in plan view. While the method 
used for obtaining the pattern is by means of parallel lines, and 
would be strictly accurate if the sections in plan remained straight 
aS from 4 to 4, the pattern becomes approximate as soon as we start 
to raise it by means of machine or hammer to conform to the profile 
B in elevation, because the distance along the curve a from 4' to 4' 
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in plan is greater than a straight distance from 4 to 4. The pattern 
by this method is obtained as follows: Let B represent the elevation 
of the sphere, and A tjie plan of the same, which is divided into as 
many sides as the sphere is to have vertical sections, in this case 
12, being careful that the two opposite sides 4r-4 and 4' 4' in plan 
run parallel to the center line as shown. Make the diameter of the 

,p sphere 4-4 " 3 inches. 

Divide the half ele- 
vation into an equal 
number of spaces as 
shown from 1 to 4 to 
1, and from these 
points drop lines at 
right angles to 4-4' 
intersecting the mi- 
ter lines 1-4 in plan 
as shown. Now draw 
any horizontal line, 
as 1 '-1 ', upon which 
place the stretchout 
of 1-4-1 in elevation 
as shown by l'-4'- 
1' onthelinel'-l' 
inC. Through these 
points draw lines at 
right angles to 1'- 
1', which intersect 
by lines drawn from 
similarly numbered 
intersections on the 
Pig* 18. miter lines 1-4 in 

plan, at right. angles to 4-4. A line traced through points thus 
obtained as shown by C will be the desired pattern. 

In Fig. 18 is shown the principle used in obtaining the radii 
with which to develop the blank for a curved or circular mould 
when it is to be hammered by hand. In this connection, only the 
principle employed will be shown, leaving the full development and 
also the development for patterns which are to be raised by hand 
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and hammered by machine, to be explained in problems which will 
follow in Practical Workshop Problems. Draw this problem double 
the size shown. First draw the elevation A B C D, and through 
the elevation draw the center line F G. Then using G as a center, 
draw the circles A^ B^ and C^ D^ representing respectively the 
horizontal projections of A B and O D in elevation. Now draw a 
line from A to E in elevation, connecting the corners of the cove 
as shown. Bisect A E and obtain the point H, from which at right 
angles to A E draw a line intersecting the cove at J. Through J 
parallel to A E draw a line intersecting the center line F G at M. 
Take the stretchout from J to A and from J to E and place it on 
the line J M as shown respectively from J to L and from J to K. 
Then will M L and M K be the radii with which to strike the 
pattern or blank for the cove. From J drop a vertical line intersect- 
ing the line ]> G in plan at N. Then with G as center strike the 
quarter circle N O. Now using M as center and M J as radius, 
strike the arc J P. Then on this arc, starting from J, lay oflF 4 times 
the stretchout of N O in plan for the full pattern. It should be 
understood that when stretching the cove A E, the point J remains 
stationary and the metal from J to L and from J to K is hammered 
respectively toward J A and J E. For this reason is the stretchout 
obtained from the point J. 

PRACTICAL WORKSHOP PROBLEMS. 

In presenting the 32 problems which follow on sheet-metal 
work, practical problems have been selected such as would arise in 
every-day shop practice. 

In this cx)nnection we wish to im- 
press upon the student the necessity of 
working out each and every one of the 
32 problems. Models should be made 
from stiff cardboard, or, if agreeable to 
the proprietor of the shop, the patterns 
can be developed at home, then cut out 
of scrap mental in the shop during 
lunch hour, and proven in this way. 

Our first problem is shown in Fig. 19, and is known as a sink 
drainer. It is often the case that the trap luider the kitchen sink 




Fig. 19. 
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is choked or blocked, owing to a collection of refuse matter. To 
avoid this a sink drainer is used, and is fastened in position through 
the wire loops «, J and c. The refuse matter is poured into the 
drainer, from which it is easily removed after the fluid has passed 
through the perforations. These drainers may be made of tin or of 
black or galvanized iron, but where a good job is wanted 16-ounce 
copper should be used. To obtain the pattern for any sized drainer, 

proceed as follows: First draw the 
plan of the drainer A B in Fig. 20, 
making A B and B C each two inches 
and forming a right angle. Then 
using B as center and A B as radius, 
draw the arc A C. In its proper posi- 
tion above the plan construct the side 
elevation, making E D 2 inches high, 
and draw the line F D. Then will 
F E D be the side elevation. Divide 
the arc A into equal spaces as shown 
by the small figures 1 to 5. For the 
pattern use F D as radius, and with 
D in Fig. 21 as center strike the arc 
1 5. From 1 draw a line to D and 
step oflf on 1-5 the same number of 
spaces as contained in A C in plan in 
Fig. 20, as shown by similar figures 
in Fig. 21. Draw a line from 5 to D. 
Then will 1-5-D be the pattern for 
the front of the strainer, in which per- 
forations should be punched as shown. 
Fig. 20. To join the sides of this pattern, 

use 1 and 5 as centers, and with either F E or A B in Fig. 20 as 
radius, describe the arcs E and E^ in Fig. 21. Now using D as 
center and D E in Fig. 20 as radius, intersect the arcs E and E^ as 
shown in Fig. 21. Draw lines from 1 to E^ to D to E to 5, which 
completes the pattern, to which edges must be allowed for wiring 
at the top and seaming at the back. 

When joining a faucet or stop cock to a sheet-metal tank it is 
usual to strengthen the joint by means of a conical "boss," which 
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IB indicated by A in Fig. 22. In this problem the cone method is 
I'mploywl, using principles Biaiilar to those used in developing a 
frustum of a eoue intersected by any line. Therefore in Fig. 23 let 




A B represent thti jtart plan of the tank, C i)ortion of tlio faucet 

extending back to the tank line, and F (i H I the conical "boss" 

to fit aromid a faucet. When 

drawing this problem make tlic 

radius of the tank D A equal 

to 3J inches, and from D draw 

the vertical line D E. Make 

the distance from G to H equal 

to 2J inches, the diameter of the 

faucet F I 1 J inches and the 

vertical height K C 1 J inches 

Dravf a line from G- to H inter 

secting the centerJine D E at K. 

Then using K Jis center describe 

the half section G J H !\b 

shown. Divide J H into equjil 

parts shown from 1 to 4, from '^' ' 

which drop vertical lin<'s intersecting the line G H as shown, 

from which draw radial lines to the apox E cutting the plan line 




SHEET-METAL WORK 



29 



of the tank A B as shown. From these intersections draw hori- 
zontal lines intersecting the side of the cone H I at 1, 2 ' , 3 ' , and 4 ' . 
Now use E as center, and with radius equal to E 1 describe the 




Fig. 23. 

arc l^-l't as shown. Draw a line from 1° to E, and starting from 
1° set oflF on 1°-1^ four times the number of spaces contained in 
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J H in plan, as Bhown by similar immbcre on 1" 1". Draw a line 
from 1* to E, and with E I as radius describe the arc N L inter- 
Becting the radial limrs 1° E and 1* E at N and L respootively. 
From the varioiis numbers on the arc 1° l" draw radial liaes to 
the ap«'x E; and using E as cent«r and with radii equal to E 4', 
E 3', and E 2', draw arcs intersecting similarly numbere<l radial 
lines as shown. Trace a line through points thus obtained; then 
will N 1° 1 1* L be the pattern for the "boss." 

In Fig. 24 is shown what is known as a hip bath. In drawing 

out the probh'm for practice the stiideut should n-member that it is 

Bimilar to tlie preceding one, the only difference being in the outline 

of the cone. Make the top of the cone I B in Fig. 25 equal to 3^ 

inches, the bottom C D IJ inches, the vertical height from K to 5' 

2J inches, the diameter of the foot E F 2J inches, and the vertical 

height 5'-5' i-inob. Through the center of the cone draw the 

center line K L, and at pleasure 

draw the outline of the bath as 

shown by A J B. It i^ imma- 

ti-rial of what outline this may be, 

the principles that follow being 

applicable to any case. Thus, in 

the side elevation, extend the 

lines B C and A D until they 

intersect the center line at L. In 

Fig. 24. similar manner extend the sides 

of the foot piece E D and F C until they intersect the center 

line at R. Now with 5 ' as center and with radius equal to 5 ' D 

or 5' C, describe the half section C H D, which divide into equal 

spaces as shown by the small figures 1 to 9. From the points of 

division envt verticjil lines meeting the base line; of the bath D C 

at ixiints 1, 2', 3', etc., to 9. From the apex L and through these 

points draw radial lines intersecting the outlines B J A, from which 

horizontal lines are drawn intersecting the side of the bath B C 

as shown from 1 f o SI. For the pattern for the bo<ly ust! L as center, 

and with L C as nwlius draw the arc F L*. Now starting at any 

ix)int, as 1, set off on F L* twice the stretchout of D H C as shown 

by similar nunibers on the arc F L'. From the ajjex L and through 

the small figures draw radial lines, which intersect by arcs 
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struck from L as center with radii equal to similarly numbered 
intersections on B C. Trace a line through points thus obtained, 
and L^ M N P P will be the pattern for the body of the bath 
to which laps should be added at the bottom and sides for seaming. 










©F-' 



Ale 



Pig. 25. 

The imttem for the foot is obtained by using as radii K D and 
R E, and striking the x>attem using R^ as center, the half pattern 
being shown by E^ T E^ D^ D^, and the distance T^ D^ being equal 
to the stretchout of the half section D H C in side elevation. 



95 



32 SHEET-METAL WORK 

It is usual to put a bead along the edges of the top of a bath as 
shown at a and b in Fig. 24. For this purpose tubing is sometimes 
uscid, made of brass, zinc, or copix?r and bent to the required shape; 
or zinc tubes m^iy b(3 rolled and soldiered by hand, filled with 
heat(*d white sand or hot rosin, and bent as nc^edtnl. The tube or 
bead can bi^ soldered to the body as shown in (A) in Fig. 25. Here 
a represents the bead, in which a slot is cut as e^ and which is then 
slipped over tlie edge of the bath and soldiTed. Another method 
is shown in (B), in which the bath body b is flanged over the bead 
a and soldered clean and smooth at (?, being thc»n scraped and 
sandimj)er(»d to makci a smooth joint. A wired edge is shown at c 
in Fig. 24, for which laps must be allowed as shown in Fig. 25 on 
the half imtteni for foot. 

In Fig. 26 is shown the ix^rsjjective view of a bath tub; these 
tubs are usually made from IX tin or No. 24 galvanized iron. The 
bottom and side seams are locked and thoroughly soldered, while 

the top edge is wired wuth handles 
riveted in ix)sition as shown 
at A. The mt»thod used in d(^- 
veloping these patterns will be 
the cone method and triangula- 
pjg. 26. tion. In drawing this i)roblem 

for practice (Fig. 27), first draw the center line W 8 in plan ; and using 
a as center with a radius equal to IJ inches dniw the semicircle 
C-12 D. Now make the distance a to 5 4 inches; and using b as 
center with a radius of 1| inches draw the semicircle E-7-H. 
Draw lines from E to D and from C to H. D E 7 H C 12 D will 
be the plan of the bottom of the bath. In this c<ise we assume 
that the flare between the top and bottom of the narrow end of the 
bath should be equal; therefore using a as center and with a radius 
equal to 1| inches draw the semicircle A W B. At the ui^i^er end 
of the bath the flare will be imequal; therefore from b measure a 
distance on line W 8 of 1 inch and obtain c^ which use as center, 
and with a radius equal to 2 inches describe the arc F 8 G. Draw 
lines from F to A and from B to G; and A F 8 G B W A will be 
the plan of the top of the bath. Now i)roject the side elevation 
from the x)lan as shown by th(i dotttd lines, making the slant 
height from I to R 2^ inches and from J to K l)^ indies; draw a line 
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from K to R, and J K R I will be the side elevation of the bath tub. 
In constmcting the bath in practice, seams are located at H G, P E, 

F 
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A T), and C B in plan, thus making the tub in four pieces 
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The lower end of the bath will be developed by the cone 
method as in tlie last two problems. From the* center a droj) a line 
indefinitely as shown. Extend the side R I of tlie side elevation 
until it meets the ct^nter line a d at iL Now divide the quarter 
circle 12-9 in plan into equal spaces as shown by the small figures 
9, 10, 11, and 12, from wliich drop vertical lines (not shown) 
intersecting the bottom of the bath tub in elevation from 9' to 12'. 
Then through these ixjints from d draw lines intersecting the top 
line of the bath R K as shown, from which draw horizontal lines 
intc^rsecting the side I-R extt^ndwl as I X at ix>ints 9" to 12 \ 
Th(»n using d as center and d I as radius, describe the arc I M, 
upon which \fix\Q^ the stretchout of D 12 C in plan, as shown 
by similarly numlxTed ix)ints on L M. Through these jxjints from 
d draw radial lines, which intersect by arcs drawn from similarly 
numbered intersections on I R extendt^d, using d as center. Trace 
a line as shown, and L M N P will be the i>attem for the lower 
end of the tub A B C D in plan. Laps should be alk wed for 
wiring and seaming. 

As the patterns for the upper end and sides will be develoixjd 
by triangulation, diagrams of triangles must first be obtained, for 
which x^roceed as follows: Divide both of the quarter circles H 7 
and G 8 in plan into the same number of sjjiices as shown resix*c- 
tively from 1 to 7 and from 2 to 8. Connect these numbc»rs by 
dotted lines as shown from 1 to 2, 2 to 3, 3 to 4, etc. From the 
various ix)ints 2, 4, 6, and 8 representing the top of the bath, dro^j 
lines meeting the base line if in elevation at 2^^', 4^, 6^, and 8^, 
and cutting the top line of the bath at 2', 4', 6', and 8'. Then 
will the dotted lines in jJan re^^resent the bases of the triangles, 
which will be constructed, whose altitudes are equal to the various 
heights in elevation. Take the various distances 1 to 2, 2 to 3, 
3 to 4, 4 to 5, etc., in jjlan up to 8, and place them on the vertical 
line l''-8' in (B) as shown from 1' to 2% V to 3\ V to 4% 4' to 5% 
etc., up to 8". For example, to obtain the true length of the lincj 
6-7 in x)lan, remembt?ring that the iK>ints having ev(»n numbers 
represent the toi) line of the bath and those having uneven 
nimilx^rs the base line, draw at right angles to l''-8'' in (B), from 
6", a line e(pial in height to G-'^-^^' in elevation, and draw a lin(5 
from 0^ to 7' in (B), which is the li^ngth desired. For the true 
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length of &-5 in plan it is necessary only to take this distance 
place it from 6 '^ to 5' in (B) and draw a line from 6^' to 5". In this 
way each altitude answers for two trianglt^s. In phui draw a line 
from 1 to 0. Then will two more triangles be necessary, one on the 
line 1-0, and the other on B (x or 0-2. From 2' in elevation draw" 
a horizontal line, as 2' e^ intersecting the vertical line droj^ixnl 
from at ^. Now take the distances 1 and 2, and place them 
in (A) as shown by the horizontal lines 0"-!^ and 0^^2» resixictively. 
At right angles to both lines at either end draw thc^ vertical lin(»s 
O'-O'" and OM)^' equal in height respectively to C^O' and eO' 
in elevation. Draw in (A) lines from 2« to O^and from 1' to 0'", 
which are the desired lengths. Before proceeding with the pattern, 
a tnie section must be obtained on 2 '-8' in side elevation. Take 
the various distances 2' to 8' and place them on the line 2 '-8' in 
Pig. 28. At right angles to 2 '-8' 
and through the small figures draw 
lines as shown. Now measuring in 
each and every instance from the 
center line in plan in Fig. 27, take the 
various distances to points 2, 4, and 2' 
and i)lace them on similarly num- Fig. 28. 

IxTed lines in Fig. 28, me^isuring in each case on (»ither side of the 
line 2 '-8', thus obtaining the intc^rsections 2-4-6. A line traced 
through these ix)ints will be the true section on 2 '-8' in elevation 
in Fig. 27. 

For the pattern for the upper end of the tub proceed as follows: 
Take the distance of 7^-8^ in (B) and place it on the vertical lin(» 
7--8 in Fig. 29. Then using 8 as center and with a radius equal 
to 8 '-6 in Fig. 28, describe the arc 6 in Fig. 29, which intersect by 
an arc struck from 7 as center and with 7 '-6^ in (B) in Fig. 27 
as radius. Then using 7-5 in plan as radius, and 7 in Fig. 29 as 
center, describe the arc 5, which inters(»ct by an arc stnick from 6 
as center and with 6^-5' in (B) in Fig. 27 as radius. Proceed in 
this manner, using alternately as radii first the divisions in Fig. 28, 
then the length of the slant lines in (B) in Fig. 27, the divisions 
on 7 H in plan, then again the slant lines in B, until the line 1-2 
in Fig. 29 is obtained. Trace a line through points thus obtained, 
as shown by 2-8-7-1. Trace this opposite the line 8-7, as shown 
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by 2' 1\ Then wiU 2-8-2'-l'-7-l be the desired pattern, to 
which lai^ must be allowed. 

For the pattern for the side of the bath draw any line 9-1 in 
Fig. 30 equal to 9-1 in i)lan in Fig. 27. Now with a radius equal 




Fig. 29, 

to 9-P in the pattern X and with 9 in Fig. 30 as a center, describe 
the arc 0, which intersect by an arc struck from 1 as center and 
with I'-O'" in (A) in Fig. 27 as radius. Now tiiking a radius equal 
to 0^-2* in (A) with in Fig. 30 as center, describe the arc 2, which 

intersect by an arc 
struck from 1 as center, 
and with 1-2 in Fig. 29 
as radius. Draw lines 
from comer to comer in 
Fig. 30, which gives 
the desired pattern, to 
which laps are added 
Fig. 30. for seaming and wiring. 

In Fig. 31 is shown a i^ersiJective view of a funnel strainer 
pail. These pails are usually made from IX bright tin, and the 
same principles as are used in the development of the pattern are 
applicable to similar forms, such as buckets, coal hods, chutes, etc. 
This problem presents an interesting study in triangulation, the 
principles of which have bec^n explained in previous problems. 
First draw the center line I in Fig. 32, at right angles to which 
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draw H E and H F each equal to IJ inches. Make the vertical 
height H C 34 inches and O D 2 inches. Now make the vertical 
heights measuring from C G, to A, and to B resix^ctively 1\ 
inches, and 1^ inclu»s. Make* the horizontal distance from C to G 
2| inches, th(^ dianu^ter from G to A 1| inches, and from A to B 
|-inch, and draw a line from B to C\ Connect ix)ints bylines; 
then will A B C D E F G b(^ the sidt^ elevation of th(^ i)ail. In its 
l)rox)er ix)sition below F E, with J as center, draw the i)lan K L M N. 
Also in its proiJ<»r position draw thi* section on A G as O P R S 
Now draw the rear elevation making G^ U and G^ V each equal to 
H E,.and 1" T and I'^-l' each equal to D. Project a line from 
B in side, intersecting the center line in rear at 4'. Then through 
the three ix)ints 1' 4' T draw the curve* at pleasure, which in this 
case is struck from the center a. W Y X Z reiDresents the opening 
on G A in side obtained as shown by the dotttnl lines but having 
no bearing on the patterns. Pails 
of this kind are usually made 
from two pieces, with seams at 
the sides, as in Fig. 31. Tlie 
l)atteni then for the back shown 
by C D E H in side elevation in 
Fig. 32 will be obt^iined by'thc) 
con(^ method, struck from thci 
center I, the str(»tchout on E^ E^ 
in the pjittem bcnng obtained 
from the half plan. The jmtteni 
for C D E H is shown with lap Fig. 31. 

and wire allowances by D^ D^ E^ E^ and nee<ls no f urthc^r explai^ation. 
The front i)art of the imil shown by A B H F G will be 
devtiloixid by triangulation, but before this can be done a tru(^ 
section must be obtained on B 0, and a set of sections dc»veloxxKl 
as follows: Divide one-half of 1' 4' T in rear elevation into equal 
parts as shown from 1' to 4', from which draw horizontal lines 
intersecting the line B C as shown. From these intersections 
lines are drawn at right angles to B C equal in length to similarly 
numberwl lines in rear as 3'-3'', 2'-2'', and I'-l". Trace a line 
as shown, so that C 1'" 2'" iV" 4'" will be the true half sc^ction 
on B 0. To avoid a confusion of lines take a tracing of A B C H F G 
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and place it as shown by similar letters in Fig. 33. Now take 
tracings of the half sections in Fig. 32, as H E D C, C 1"' B, 
P O S, and the quarter plan N J M, and place them in Fig. 33 on 
similar lines on which they represent sections as shown respectively 
by H 9' 8' C, C 8 B, A 3 G, and F 9 H. Divide the half section 




A 3 G into 6 equal parts as shown by the small figures 1 to 5. 
As this half section is divided into 6 parts, then must each of the 
sections B 8 C and F 9 H be divided into 3 parts as shown respec- 
tively from 6 to 8 and 9 to 11. As C 8' and H 9' are equal 
.respectively to C 8 and H 9 they are nuuibered the same as shown. 
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Now at right angles to G A, B C, C H, and H F, and from the 
various intersections contained in the sections G 3 A, B 8 C, 
C 8' 9' H, and H 9 F, draw lines intersecting the base lines of the 
sections G A, B C, C H, and H F at points shown from 1 ' to 11'. 
Now draw dotted lines from B to 5' to 6' to 4' to 7' to E to C, 
and then from H to E to 10' to 2', etc until all the points are 



s 

7" 



B/^ 



/ 




—7 

/ 
/ 
/ 
/ 




ve 



/ 



/ 



/ 



/ 



r8' 



/Ql 



^J, 



9 



Fig. 33. 



connected as shown. These dotted lines represent the bases of the 
sections whose altitudes are equal to similar numbers in the various 
sections. 

In order that the student may thoroughly understand this 
method of triangulation as well as similar methods that will follow 
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in other problems, the model in Fig. 34 has been prepared, which 
shows a perspective of Fig. 33 with the sections bent up in their 
proper positions. This view is taken on the arrow line in Fig. 33, 
the letters and figures in both views being similar. For the true 
sections on the dotted lines in C E A B in Fig. 33, take the lengths 
of the dotted lines E, E 7', 7' 4', etc., and phice them on the 
horizontal line in Fig. 35 as shown by similar letters and figures. 
From these small figures, at right angles to the horizontal line, 
erect the vertical heights C 8, E 3, 7' 7, etc., equal to similar 
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Fig- 34. 

vertical heights in the sections in Fig. 33. Connect these points 
in Fig. 35 by dotted lines as shown, which are the desired true 
distances. 

In Fig. 36 are shown the true sections on dotted lines in 
G E H F in Fig. 33, which are obtained in precisely the same 
manner, the only diflference being that one section is placed inside 
of another in Fig. 36. For the pattern procetnl as is shown in 
Fig. 37. Draw any vertical line as G F equal to G F in Fig. 33. 
With radius equal to G 1 and with G in Fig. 37 as center describe 
the arc 1, which intersect by an arc struck from F as center and 
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with a radius equal to F 1 in Fig. 36. Now with F 11 in Fig. 33 as 
radius and F in Fig. 37 as center, describe the arc 11, which is 
intersected by an arc struck from 1 as center and with 1-11 in 
Fig 36 as radius. Proceed in this manner until the line 3-9 
in Fig. 37 has been obtained. Then using 8 '-9' in Fig. 33 as 
radius and 9 in Fig. 37 as center, describe the arc 8, which is 
intersecti^d by an arc struck from 3 as center and with 3-8 in Fig. 
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Fig. .35. 



35 as radius. Now use alternately as radii, first the divisions in 
B 8 C in Fig. 33, then the length of the slant lines in Fig. 35, 
the divisions in E 3 A in Fig. 33, and again the distances in 
Fig. 35, until the line B A in Fig. 37 has been obtained, which is 
obtained from B A in Fig. 33. Trace a line through points thus 
obtained in Fig. 37 as shown by A B 8 9 F G A. Trace this 
half pattern opposite the line G F. Then will B A G A^ B^ 8^ 
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Fig. 36. 



9^ F 9 8 be the pattern for the front half of the pail. If for 
any reason the pattern is desired in one piece, then trace one- 
half of D^ D« E^ E^ in Fig. 32 on either side of the pattern in 
Fig. 37 as shown by the dotted lines 8' D^ E* 9^ and 9 E D 8. 
Allow edges for wiring and seaming. 

Fig 38 shows the method for obtaining the pattern for an 
Emerson ventilator shown in Fig. 39. 
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While the regoilar Emerson ventilator has a flat disc for a 
hood it is improved by placing a cone and deflector on the top 
as shown. To make the patterns, proceed as shown in Pig. 38. 
First draw the center line a J, on either side of which lay off 
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lij inches, making the pipe A, 3 inchi^s in <liaineter, Tht! rule 
usually employed is to make the diameter of the. lower flare and 
npper hood twice the diameter of the pipe. Therefore make the 
diameter of » r/ 6 inches. Prom g and 
d, draw a line at an angle of 45° to inter- 
sect the line of the pipe at ( and /; this 
completes B. Measiire 2 inches above 
the line t i and make u m the same 
diameter us s d. Draw the bevel of the 
deflector so that the apex will be J inch 
above the line i i and make the apex 
of the hood the same distanc« above u m, 
as the lower apes is below it. Then draw 
lines as shown which complete C and D. f^'K- ■*9- 

Now with c as a center and radii equal to o e and c d draw the 
quarter circles ef and d k respectively, which represent the one- 




H/M.F PATTERN 
FOR 
HOOD AND DEFLECTOB 




quarter pattern for the horizontal ring closing tlie bottom of the 
lower flare. For the pattern for the hood, use ? as a center and 
Im as a, radius. Now draw the arc m m' . Take the stretchout 
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of the quarter circle 1 to 6 on rf A, and place twice this amount 
on mm' as shown from 1-6-1. Draw a line from 1 to Z. Then 
m' 6 ml, will be the half pattern for the hood. As the deflector 
has the same bevel as the hood, the hood pattern will also answer 
for the deflector. 

When seaming the hood and deflector together as shown at 
n, the hood o is double-seamed to the deflector at 7\ which allows 
the water to pass over; for this reason allow a double edge on 
the pattern for the hood as shown, while on the deflector but a 
single edge is required. Edges should also be allowed on e d hf. 

For the pattern for the lower flare, extend the line d i until it 
intersects the center line at^. Then with radii equal toji and J d 
and with j in Pig. 40 as center describe the arcs i i' SLnddd'. 
On one side as d draw a line to J. Then set oflf on the arc d d' 





Pig. 41. 



Fig. 42. 



twice the nimiber of spaces contained in ^ A in Fig. 38 as shewn 
in Fig, 40. Draw a line from d' \jo\ and allow edges for seaming 
Then dd' i' i will be the half pattern for the lower flare. 

The braces or supports, E and F, Fig. 38, are usually made of 
galvanized band iron bolted or riveted to hood and pii)e. The 
hood D must be water tight, or the water will leak into the deflector, 
from which it will dnp from the apex inside the building. 

Elbows. There is no other article in the sheet-metal worker's 
line, of which there are more made in practice than elbows. On this 
account rules will be given for constructing the rise of the miter 
line in elbows of any size or diameter, also for elbows whose 
sections are either oval, square or round, including tapering elbows 
Before taking up the method of obtaining the pattems, the rule 
will be given for obtaining the rise of the miter line for any size 
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or number of pieces. No matter how many pieces an elbow has, 
they join together and form an angle of 90°. Thus when we speak 
of a twp-i)ieced, three-pieced, four, five or six-pieced elbow, we 
understand that the right-angled elbow is made up of that number 
of pieces. Thus in Fig. 41 is shown a two-pieced elbow placed in 
the quadrant C B, which equals 90° and makes C A B a right 
angle. From A draw the miter line A ^ at an angle of 45^ to the 
base line A B. Then parallel to A B and A C and tangent to the 
quadrant at C and B draw lines to intersect the miter line, as 
shown. Knowing the diameter of the pipe as C D or E B draw 
lines parallel to the arms of the pipe, as shown. Then C B E D 
will be a two-pieced elbow, whose miter line is an angle of 45°. 

In a similar manner draw the quadrant B C, Fig. 42, in which 
it is desired to draw a three-pieced elbow. Now follow this simple 





Fig. 43. 



Fig. 44. 



rule, which is applicable for any number of pieces: Let the top 
piece of the elbow represent 1, also the lower piece 1, and for every 
piece between the top and bottom add 2. Thus in a three-pieced 
elbow: 

Top piece equals 1 

Bottom i)iece equals 1 

One piece between 2 



Total ecjuals 4 

Now divide the quadrant of 90° by 4 which leaves 22^°. "As 
one piece equals 22 J °, draw the lower miter line A a at that 
angle to the base line A B. Then as the middle piece represents 
two by the above rule and equals 45°, add 45 to 22^ and draw the 
second miter line A J, at an angle of 67^° to the base line A B. 
Now tangent to the quadrant at C and B draw the vertical and 
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horizontal lines shown, until they intersect the miter lines, from 

which intersections draw the middle line, which will be tangent to 

the quadrant at F. CD and B E show the diameters of the piiie, 

which are drawn parallel to the lines of the elbow shown. 

Fig. 43 shows a four-pieced elbow, to which the same rule is 

applied. Thus the top and bottom piece equals 2 and the two 

middle pieces equal 4; total 6. Now divide the quadrant of 90° by 

90 
6. —^ = 15. Then the first miter line A a will equal 15°, the 

second A & 45°, the third A c 75°, and the vertical line A C 90°. 

The last example is shown in Fig. 44, which shows a five- 
pieced elbow, in which the top and bottom pieces equal 2, the 3 

90 



middle pieces 6; total 8. Divide 90 by 8. 



8 



== llj. Then the 



first miter line will equal 11^°, the second 33|°, the third 56i°,and 

the fourth 78|°. By 

using this method an 
elbow having any num- 
ber of pieces may be 
laid out. When draw- 
ing these miter lines it 
is well to use the pro- 
tractor shown in Fig. 45, 
which illustrates how to 
lay out a three-pieced 
elbow. From the center 
point A of the protrac- 
tor draw lines through 
Fig. 45. 224°, and 67^°. Now set 

off A a, and the diameter of the pipe a h. Draw vertical lines 
from a and J to the miter line at c and 6?. Lay off similar distances 
from A to a' to J' and draw horizontal lines intersecting the 67|° 
miter line at c' and d\ Then draw the lines rf 6?' and c c' to 
complete the elbow. In practice, however, it is not necessary to 
draw out the entire view of the elbow; all that is required is the 
first miter line, as will be explained in the following problems. 
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EXERCISES FOR PRACTICE. 

1. Make the diameter of the pipe 1| inches and the distances 
from A to E 1 J inches in Figs. 41 to 44 inclusive. 

To obtain the pattern for any elbow, using but the first miter 



Fig. 46. 



B 



line, proceed as follows: In Pig. 46 let A and B represent respect- 
ively a two- and three-pieced elbow for which patterns are desired. 
First draw a section of the elbow as shown at A in Fig. 47 which 




Fig. 47. 



is a circle 3 inches in diameter; divide the lower half into equal 
spaces and number the points of division 1 to 7. Now follow the 
rule nreviously given: The top and bottom piece etjuals 2; then 
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for a two-pieced elbow divide 90 by 2. In its proper position below 
the section A draw BODE making ED 45°. From the various 
points of intersection in A drop vertical lines intersecting E D as 



ELEVATION 




SECTION 



t 4 



3 



Fig. 48. 

shown. In line with B C draw K L upon which place twice the 
number of spaces contained in the section A as shown by similar 
figures on K L; from these jxjints drop perpendiculars to intersect 
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with lines drawn from similar intersections on E D, parallel to K L. 
Trace a line through points shown; then K L O N M will be 
the i)attem. To this laps mnst be allow(^ for seaming. 

Now to obtain the pattern for a three-pieced elbow, follow the 
rule. Top and bottom pieces equal 2, one middle piece eqnals 2; 

90 
totid 4. - / == 22^. Therefore in line with the section A below 

the two-pieced elbow draw F G J H, making H J at an angle of 
22 J® to the line H 5. Proceed as above using the same stretchout 
lines; then U P R S T will be the desired pattern. It should be 
understood that when the protractor is used for obtaining the angle 
as shown in Fig. 45, the heights a c and h d measured from the 
horizontal line form the basis for obtaining the heights of the 
middle pieces, inasmuch as they represent one-half the distance; 
for that reason the middle pieces count 2 when using the rule. 
Therefore, the distances F H and G J (Fig. 47), represent one-half 
of the center piece and U T S R P one-half the pattern for the 
center piece of a three-pieced elbow. 

Fig. 48 shows how the patterns are laid into one another, to 
prevent waste of metal when cutting. In this example we have a 
three-pieced elbow whose section is 2 X 2 inches. It is to be laid 
out in a quadrant whose radius is 5 inches. Use the same 
principles for square section as for round; number the comers of 
the section 1 to 4. In line with S t draw D E upon which place 
the stretchout of the square section as shown by similar numbers 
on D E; from which draw horizontal lines which intersect lineB 
drawn parallel to D E from the intersections 1' 2' and 3' 4' in A 
in elevation, thus obtaining similar points in the pattern. Then 
A^ will be the jxittem for A in elevation. For the pattern f r B 
simply take the distance from 2' to^ and place it on the line 4 4' 
extended in the pattern on either side as shown by 4' 4t'' on both 
sides. Now reverse the cut 4' 2' 4' and obtain 4' 2' 4*. By 
measurement it will be found that 4' 4' is twice the length of 2' 2 
as explained in connection with Figs. 45 and 47. Make the distance 
from I'' to rt^' the same as J to « in C and draw the vertical line 
h' V intersecting the lines 44'' extondcKl on both sides. Then A* , B\ 
and C^ will bo the patterns in one piece minus the edges for 
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seaming -which must be allowed between these cuts; this woulil of 
course make the lengths b' 4', 4' 4' and 4' 4 as much longer as 
the laps would necessitate. 

This method of cutting elbows in one piece, from one squan? 
is applicable to either round, oval or square sections. 

In Figs. 49 and 50 are shown three-pieced elbows such as are 



Fig. 49. 



Pig. 50. 



used in furnace-pipe work and are usually made from bright tin. 
Note the difference in the position of the sections of the two 
elbows. In Fig. 49 a h is in a vertical position, while in Fig. 50 it 
Ih in a horizontal ix>sition. In obtaining the patterns the same 
rule is employed as in pre- 



vious problems, care being 
taken when developing the 
patterns for Fig, 49 that 
the section be placed as in 
Fig. 51 at A; and when 
developing the patterns for 
Fig. 50, that the section be 
placed as shown at A jii 
Fig. 52. 

Fig. 51. F^. 53 shows a taper- 

ing two-pieced elbow, round in section. The method here shown 
is short and wliilo not strictly accurah^, gives good results. 
It has been shown in previous problems on Intersections anil 
Developments tliat an obliqne section through the opixjsite 




SHEET-METAL WORK 51 

Bides o£ a cone is a true ellipse. Bearing this in mind it is 
evident that if the frustum of the cone H I O N, Fig. 54, ■were 
a solid and cut obliquely by the plane J K and. the ee^eral parte 
placed side by aide, both would present true ellipses of exactly the 
same size, and if the two i)arts were placed together again turning 
the upper pie«! half-way around as shown by J W M K, the edges 




of the two pieces from J to K would t'xjictly coincide. Taking 
advantage of this fact, it is necessary only to ascertain the angle of 
the line J K, to produce the required angle, between the two pieces 
of the elbow, both of which have an equal flare. The angle of the 
miter line, or the line which cuts the cone in two parts, must be 
found accurately so that when joined tt^other an elbow will 
be formed having the deeirod 
angle on the line of its axis. 
Therefore draw any vertical 
line as. A B. With C as a center 
describe the plan of the desired 
diameter as shown by E D F B. 
At right angles to A B draw the 
bottom line of the elbow H I 
equal to E F, or in this case, 3 
inches. Measuring from the line Fig- 53. 

H I on the line A B the height of the frustum is 5 inches. 
Through X' draw the upper diameter O N, IJ inches. Extend the 
contour lines of the frustum until they intersect the center line 
at L. Divide the half plan E D F into a number of equal parts 
as shown; from these points urect linos intersecting the base line 
H I from which draw lines to the ai)ex L. As .the elbow is to be 
in two pieces, and the axis at right angles, draw the angle TBS, 



52 



BHEET-METAL WORK 



bia*>nt it at U and draw the lint; R V. No matter what the anglo of 
the elbow, use this method. Now establish the point J at sonic 
convenient jjoint on the cone, and from J, parallel to R V, draw the 
miter line JK intersecting the radiallines drawn through theeone; 
from these xx)ints and at right angles to the center line A B draw 
lines intersecting the side of the cone J H from 1 to 7, It it is 




Fip. 54. 
desired to know how the side of the tapering elbow would look, 
take a tracing of N O K J, reverse it and place it as shown by 
J "W M K. 

For the pattern proceed as follows; With L as a center and 
L H as a raditis describe the arc 1 1. Starting from 1 set off on 
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this arc twice the stretchout of 1 4 7 in plan, as shown by similar 
fignrcs on 1 1, from which draw radial lines to the apex L. Again 
using L as center with radii equal to L N, L 1, L 2 to L 7, draw arcs 
as shown intersecting radial lines having similar numbers. Through 
these intersections draw the line J' L'. Then O' N' J' K' L' 
or A will b(^ the jxittem for the uiJ^x^r arm (A) in elevation; and 
P' R' T' X Y or B the jmtteni for the lower arm (B) in eleviition. 



/> 










Pig. 55. 

The pcittem should be developed full size in practice and then 
pricked from the pajx^r on to the sheet metal, drawing the two 
patterns as far apart as to admit allowing an edge to A at a; also 
an edge at J to B for seaming. 

Whcui a imttern is to contain more tlian two pieces the method 
of constructing the miter lines in the elevation of the cone is 
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slightly different as shown in Fig. 55. Assume the bottom to be 
3 inches in diameter and tlie top 1 J inches. Let the yertical height 
be 4 inches. In this problem, as in the preceding, the various 
pieces necessary to form the elbow are cut from one cone whose 
dimensions must be determined from the dimensions of the required 
elbow. The first step is to determine the miter lines, which can 
be done the same as if regular pieced elbows were being developed. 
As the elbow is to consist of four pieces in 90°, follow the rule 
given in connection with elbow drafting. The top and bottom 
piece equal 2; the two middle pieces equal 4; total 6, — ^ ^ 15. 
Lay off A B C D according to the dimensions given, and draw the 
half plan below D C; divide it into equal parts as shown. From 
the points of division erect perjjendictJars intersecting T> C, from 
which draw lines meeting the center line E 4 at F. 




Fig. 50. Fig. 57. 

We assume that the amount of rise and projection of the elbow 
are not specified, excepting that the lines of axis will be at right 
angles. Knowing tlie angle of the miter line, it becomes a matter 
of judgment upon the part of the pattern draftsman, what length 
shall be given to each of the pieces composing the elbow. Therefore 
establish the points G, I and K, making D G, G I, I K and K A, 
^, 1^, I and 1 inch resjiectively. From G, I and K draw the hori- 
zontal lines G 1', 1 1° and K 1". To each of these lines draw the 
lines G H, I J and K L resjjectively at an angle of 15° intersecting 
the radial linos in the cone as shown. From these intersections 
draw horizontal lines cutting the side of the cone. Then using F 
as a center, obtain the various patterns O, P, R and S in the 
manner already explained. 
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In Fig. 56 is shown a side view of the elbow, r(»siilting from 
preceding operations;' while it can be drawn from dimensions 
obtained in Fig. 55, it would be impossible to draw it without first 
having these dimensions. 

In Fig. 57 is shown a perspective view of a tapering square 
elbow of square section in two pieces. This elbow may have any 
given taper. This problem will be developed by triangulation and 
parallel lines; it is an interesting study in projections as well as 
in developments. First draw the elevation of the elbow in Fig. 58 
making 1-6 equal to 3^ inches, the vertical height 1-2, 4^ inches, 
and 6-5, 2^ inches; the projection between 1 and 2 should be 
I inch and between 5 and 6, f inch. Make the horizontal distance 



EL^ATION 2* ^! 




PLAN " ** DEVELOF€MENTS 

Fig. 58. 

from 5 to 4, 2 inches, and the rise at 4 from the horizontal line 
\ inch, and the vertical distance from 4 to 3, 1 J inches. Then draw 
a line from 3 to 2 to complete the elevation. 

In its proper position below the line 1-6, draw the plan on 
that line, as shown by 1' 1' 6' 6'. Through this line draw the 
center line A B. As the elbow should have a true taper from 1 to 3 
and from 4 to 6, we may develop the i)attems for the top and 
bottom pieces first and then from these construct the plan. There- 
fore, take the distances from 1 to 2 to 3 and from 4 to 5 to 6 in 
elevation and place them on the line A B in plan as shown respec- 
tively from 1° to 2° to 3° and from 4° to 5° to 6°; through these 
points draw vertical lines as shown. While the full developments 
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E and D are shown we shall deal with but one-half in the explana- 
tion which follows. As the elbow is to have the same taper on 
either side, take the half distance of the bottom of the elbow 1-6 
and place it as shown from l°-6° to l''-6'',and the half width of 
the top of the elbow 3-4 and place it as shown from S'' to 3" and 4° 
to 4". Then draw lines from 3" to 1' intersecting the bend 2° at 

2% and a line from 4' to 6" intersecting the bend 5° at 5". Trace 

• 

these points on the opposite side of the line A B. Then 1" d" a h 
will be the pattern for the top of the elbow and 6" i" ch the 
pattern for the bottom. From these various points of intersection 
draw horizontal lines to the plan, and intersect them by lines 
drawn from similarly numbered points in the elevation at right 
angles to A B in plan. Draw lines through the points thus 
PATTERN FOR obtaiucd lu plan as showii by 1 ' , 2 ' , 3 ' , 4 ' , 

®'*^^^ -^3 5 ' and 6 ' which will represent the half plan 

view. For the completed plan, trace these 
"* lines opposite the line A B as shown. It 
will be noticed that the line 3-4 in eleva- 
tion is perpendicular as shown by 3' 4' 
in plan while the points 2' and 5' project 
from it, showing that the piece 2-3-4-5 
Fig. 59. in elevation must be slightly twisted 

along the line 5-3 when forming the elbow. Similarly slight 
bends will be required along the lines 1-5 and 5-2. 

It will now be necessary to obtain the true lengths or a 
diagram of triangles on the lines 1-5, 5-2 and 5-3. Connect similar 
numbers in plan as shown from V to 5', 5' to 2' and 5' to 3', the 
last two lines being already shown. From similar points in eleva- 
tion draw horizontal lines as shown by 2-A, i-f^ 5-e and G-d. 
Take the distances from 1 ' to 5 ' , 5 ' to 2 ' and 5 ' to 3 ' in plan and 
place them on one of the lines having a similar number in eleva- 
tion, as shown respectively by 1^ 5^, 5^ 2^ and 5^ 3'^. From the 
points marked 5^ draw vertical lines intersecting the horizontal 
line drawn from 5 at 5^, 5^ and 5^ respectively. Now draw the true 
lengths l'^ 5^, 2^ 5^, and 3^ 5^. For the pattern draw any line as 
1-6 in Fig. 59 equal to 1-6 in Fig. 58. Now with 6' 5" in D as a 
radius and 6 in Fig. 59 as a center, describe the arc 5 which is 
intersected by an arc struck from 1 as a center and the true length 
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1" 5' in Fig, 58 as radios. Then using the true length S'- 2* as 
radius and 5 in Fig. 69 as center, describe the arc 2, which is 
intersected by an arc struck from 1 as center and 1' 2' in E in 
Pig. 58 as radius. Using tlie trne length 5" 3' as radius and 5 in 
Fig. 59 as center, describe the arc 3, and intersect it by au arc 
struck from 2 as center and 2' 3' in E in Fig. 58 as a radius. Now 
with 5' 4' in D as a nidius and 5 in Fig. 59 as a center, describe 
the arc 4, and intersect it by au arc struck from 3 as ct'iiter and 
3^ iu the elevation in Pig. 58 as a radins. Draw liiifs from point 
to point in Pig. 59 to complete the pattern. Lajs should be 
allowed on all patterns, for seaming. Slight bends will take place 
as shown on the pattern, also as is shown hy a b and c in Fig. 57. 
If the joint is to be on the line 2-5 in elevation in Fig. 58, the 
necessary pieces can be joiutKl tc^ether. 

In Fig. 00 is shown a perspective view of a five-piece tapering 

elbow, having a round base and an ellipticjil top. This form is 

generally known as a ship ventilatoj-. 

Tlie principles shown in this problem 

are applicable to any form or shape no 

matter what the respective profiles may 

be at the base or top. The first step is 

to draw a correct side view of the elbow 

as shown in Fig. 61. The outline A 

B C D E F can be drawn at pleasure, 

but for practice, dimensions are given. 

First draw the vertical line A F 

equal to 4^ inches. On the same 

Pig. 60. lino extend measure down IJ inches to 

_^and draw the horizontid line H B. From _^ set off a distance of 

1^ inches at G, and using G as a center and G F as a radius 

describe the arc F E intersecting H B at E, from wiiich draw the 

vt^rtieal line E D efjual to 1 inch. Draw D O eqiial to l^ inches, 

then draw C B. From B lay off 5| inches, and using this point (H) 

as a center and H B as a radius describe the arc B A. The portion 

shown B E D C is a straight piece of pipe whose B(«;tion is shown 

by I J K L. Now divide the two arcs B A and E F into the same 

number of parts that the elbow is to have pieces (in this case iova) 

and draw the lines of joint or miter lines as shown by U V, etc 



58 



SHEET-METAL ^OKK 



Bisect each one of the joint lines and obtain the points ah cd and e. 
Then A B C D E P will be the side view. 

The patterns will be developed by triangulation, but before 
this can be done, true S(»ctions must be obtained on all of the lines 
in side elevation. The true sections on the lines B E and C D are 
shown by I J K L. The length of the sections are shown by the 
joint lines, but the width must be obtained from a front outline of 
the elbow, which is constructed as follows: In its proper relation 
to the side elevation, draw the center line M R upon which draw 





SIDE ELEVATION 



FRONT OUTUNE 



i/sEC{r!pN_|j^ 



Fig. 61. 

the ellipse M N O P (by methods already given in Mechanical 
Drawing) which represents the section on A F in side. Take half 
the diameter I K in section and place it on either side of the center 
line M R as R T or R S. Then draw the outline O S and T N in 
a convenient location. While this line is drawn at will, it should 
be understood that when once drawn, it becomes a fixed line. Now 
from the various intersections ah c d and e in the side elevation, 
draw lines through and intersecting the front outline as shown on 
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ca 



- y 



one side by O, J', e\ d! and e\ Then these distances will repre- 
sent the widths of the sections shown by similar letters in side. 
Eor example, the method will be shown for obtaining the true 
section on U V, and the pattern for piece 1 in side 
elevation. To avoid a confusion of lines take a 
tracing of A F V U and place it as shown by 1, 
13, 12, in Fig. 62. On 1-13 place the half profile 
M N P of Fig. 61. Bisect 0-12 in Fig. 62 and 
obtain the point 6; at a right angle to 0-12 from 6 
draw the line 6 6' equal to J' J" in front outline in 
Fig. 61. Then through the three points O, 6' and 
12 in Fig. 62, draw the semi-ellipse, which will 
represent the half section on U V. The other 
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sections on the joint lines, in side elevation are ^ 

obtained in the same manner. 

If the sections were required for piece 2 in 
side it would be necessary to use only 6' 12 in 
Fig. 62 and place it on U V in Fig. 61, and on a 
perpendicular line erected from 6', place the width 
d c" shown in front and through the three points 
obtained again draw the semi-elliptical profile or 
section. Now divide the t^'^o half sections (Fig. 62) 
into equal parts as shown uy the small figures, from 
which at right angles to 1-13 and 0-12 draw lines 
intersecting these base lines from 1-13. Connect opposite points 
as 1 to 2 to 3 to 4 to 5, etc., to 12. Then these lines will represent 
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the bases of sections whose altitudes are equal to the heights in 
the half section. For these heights proceed as follows: 

Take the various lengths from 1 to 2, 2 to 3, 3 to 4, 4 to 5, etc., 
to 11 to 12 and place them on the horizontal line in Fig. G3 as 
shown by similar figures; from these points erect vertical lines 
equal in height to similar figures, in the half section in Fig. 62 as 
shown by similar figures in Fig. 63. For example: Take the dis- 
tance from 7 to 8 in Fig. 62 and place it as shown from 7 to 8 in 
Fig. 63 and erect vertical lines 7-7', and 8-8' equal to 7-7' and 
8-8' in Fig. 62. Draw a line from 7' to 8' in Fig. 63 which is the 
true length on 7-8 in Fig. 62. For the pattern take the distance of 
1-0 and place it as shown by 1-0 in Fig. 64. Now using O as a 
center and O 2' in Fig. 62 as a radius, describe the arc 2 in Fig. 64 




Fig. 64. 

and intersect it by an arc struck from 1 as a center with 1-2' in 
Fig. 63 as a radius. Now with 1-3' in Fig. 62 as a radius and 1 in 
Fig. 64 as a center, describe the arc 3, and intersect it by an arc 
struck from 2 as center and 2'-3' in Fig. 63 as a radius. Proceed 
thus, using alternately as radii, first the divisions in 0-6'-12 in 
Fig. 62, then the proper line in Fig. 63, the divisions in 1-7'-] 3 in 
Fig. 62 and again the proper line in Fig. 63, mitil the line 12-13 
in Fig. 64 is obtained, which equals 12-13 in Fig. 62. In this 
manner all of the S(*ctions are obtained, to which lai>s must be 
allowe<l for wiring and seaming. 
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TABLES. 

The following tables will \k) found ('onvonient for the Sheet-Metal Worker: 

TABLKS PAGE. 

Weight of Cast Iron, W^rought Iron, Copper, Lead, Brass and Zinc 62 

Sheet Copper 63 

Sheet Zinc 64 

Standard Gauge for Sheet Iron and Steel 65 

Weights of Flat Rolled Iron 66-71 

Square and Hound Iron Bars 72-73 

Angles and Toes 74 
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SHEET COPPER. 

Official table adopted by the Association of Copper Manufacturers of 
the United States. Rolled copper has specific gravity of 8.93. One cubic 
foot weighs 558.125 pounds. One square foot, one inch thick, weighs 46.51 
pounds. 
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UNITED STATES STANDARD QAUQE FOR SHEET AND PLATE 

IRON AND STEEL 

COPY [Public-No. 137] 

An act establishing a standard gauge for sheet and plate iron and steel. 

Be it enacted by the Senate and Hou^e of Representatives of the United States of America 
in Congress assembled. That for the purpose of securing uniformity the following is estab- 
lished as the only standard gauge for sheet and plate iron and steel in the United States of 
America, namely: 
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10 


.625 


28 


29 


9 640 


.0140625 


9 


.5625 


29 


30 


1-80 


.0125 


8 


.5 


80 


31 


7-640 


.0109375 


7 


.4875 


31 


32 


13-1280 


.01015625 


6^ 


.40625 


82 


33 


3-320 


.009375 


6 


.375 


83 


84 


11-1280 


.00659375 


55^ 


.84375 


34 


35 


5-640 


.0078125 


5 


.3125 


35 


36 


9-1280 


.00703125 


454 


.28125 


36 


37 


17-2560 


.0066406 


VA 


.265625 


37 


38 


1-160 


.00625 


4 


.25 


38 



And on and aftt»r July first, eighteen hundred and ninety-thrpe, the same and no other 
shall be used in determining duties and taxes levied by the United States of America on sheet 
and nlate iron and steel. But this act shall not be construed to increase duties upon any 
articles which may be imiK)rted. 

Sec. 2. That the Secretary of the Treasury is authorized and required to prepare suitable 
standards in accordance herewith. 

Skc. 8. That in the practical use and application of the standard gauge hereby estab- 
lished a variation of two ana one-half per cent either way may be allowed. 

Approved, March 3, 1893. 
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SHEET-METAL WORK 



WBIOHTS OP FLAT ROLLED IRON PER UNEAR FOOT. 

Iron weighing 480 pounds ])er cubic foot. 



nidoM 

blnete 


1" 

.208 


IK" 
260 


IK" 

.818 


.865 


2ff 

.417 


2H" 

.469 


2K" 
.521 


2h'' 

.578 


12'' 


A 


2.50 


i 


.417 


.521 


.625 


.729 


.888 


.938 


1.04 


1.15 


5.00 


A 


.685 


.781 


.988 


1.09 


1J85 


1.41 


1.56 


1.72 


7.50 


i 


.888 


1.04 


1^ 


1.46 


1.67 


1.88 


2.08 


2.29 


10.00 


A 


1.04 


1.80 


1.56 


1.82 


2.08 


2.84 


2.60 


2.86 


12.50 


A 


1.25 


1.56 


1.88 


2.19 


2.50 


2.81 


8.18 


8.44 


15.00 


1.46 


1.82 


2.19 


2.55 


2.92 


8.28 


8.65 


4.01 


17.60 


Y 


1.67 


2.08 


2.50 


2.92 


8.88 


8.75 


4.17 


4.58 


20.00 


tV 


1.88 


2.84 


2.81 


8.28 


8.75 


4.22 


4.69 


5.16 


22.50 


i 


2.08 


2.60 


8.18 


8.65 


4.17 


4.69 


5.21 


5.73 


25.00 


« 


2^ 


2.86 


8.44 


4.01 


4.58 


5.16 


5.73 


6.30 


27.60 


i 


2.50 


8.18 


8.75 


4.88 


5.00 


5.63 


6.25 


6.88 


30.00 


H 


2.71 


8.39 


4.06 


4.74 


5.42 


6.09 


6.77 


7.45 


32.50 


i 


2.92 


8.65 


4.88 


5.10 


5.88 


6.56 


7.29 


8.02 


35.00 


U , 


8.18 


8.91 


4.69 


5.47 


6.25 


7.03 


7.81 


8.59 


37.50 


1 


8.88 


4.17 


5.00 


5.88 


6.67 


7.50 


8.83 


9.17 


40.00 


iiV 


8.54 


4.48 


5.81 


6J^ 


7.08 


7.97 


8.85 


9.74 


42.50 


1* 


8.75 


4.69 


5.63 


6.56 


7.50 


8.44 


9.88 


10.31 


45.00 


lA 


8.96 


4.95 


5.94 


6.98 


7.92 


8.91 


9.90 


10.89 


47.50 


U 


4.17 


bSti 


6.25 


7.29 


8.83 


9.88 


10.42 


11.46 


50.00 


lA 


4.87 


5.47 


6.56 


7.66 


8.75 


9.84 


10.94 


12.08 


52.50 


iA 


4.58 


5.73 


6.88 


8.02 


9.17 


10.8i 


11.46 


12.60 


55.00 


4.79 


5.99 


7.19 


8.89 


9.58 


10.78 


11.98 


13.18 


67.50 


U 


5.00 


6.25 


7.50 


8.75 


10.00 


11.25 


12.50 


13.75 


60.00 


lA 


5.21 


6.51 


7.81 


9.11 


10.42 


11.72 


13.02 


14.82 


62.50 


U 


5.42 


6.77 


8.18 


9.48 


10.88 


12.19 


13.54 


14.90 


65.00 


m 


5.68 


7.08 


8.44 


9.84 


nss 


12.66 


14.06 


15.47 


67.50 


u 


5i» 


7J89 


8.75 


10.21 


11.67 


18.18 


14.58 


16.04 


70.00 


i^J 


6i)4 


7.55 


9.06 


10.67 


12.08 


18.59 


15.10 


16.61 


72.50 


1^ 


6.25 


7.81 


9.88 


10.94 


12.50 


14.06 


15.68 


17.19 


75.00 


!« 


6.46 


8.07 


9.69 


11.80 


12.92 


14.58 


16.15 


17.76 


77.50 


i 


6.07 


8.88 


10.00 


11.67 


18.83 


15.00 16.67 


18.33 


80.00 


1 


1 












1 
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WEIGHTS OF FLAT ROLLED IRON PER LINEAR FOOT, 

(Continued) 



TkiflkBMi 
inlhckfli. 



A 

i 
i 

it 

U 
It 



3" 



.6gl5 
1.25 
1.88 
2.50 

8.13 
3.75 
4.88 
5.00 

5.63 
6.25 
6.88 
7.50 

8.13 

8.75 

9.38 

10 CO 

0.63 
1.25 
1.88 
2^ 

3.13 

3.75 
4.3*" 

5.00 



3>i" 



.ft? 
1.85 
2.08 
2.71 

8.89 
4.06 
4.74 
5.42 

6.09 
6.77 
7.45 
8.13 

8.80 

9.48 

10.16 

10.83 



3>^" 



.729 
1.46 
2.19 
2.92 

8.65 
4.88 
5.10 
5.83 

6.56 

.7.29 

8.02 

8.75 

9.48 
10.21 
10.94 
11.67 



11.51 12.40 
12.19 113.13 
12.86 13.85 
13.54 14.58 



14.22 
1^..90 
15.57 
16.25 



15.31 
16.04 
16.77 
17.50 



5.63 16.93 18.23 

6.25 17.60 il8.96 

6.88 118.28 !l9.69 

7.60 ;i8.96 20.42 

I 

8.13 19.64 21.15 

8.75 20.31 21.88 

9.38 20.99 ?2.60 

20,00 21.67 23.33 

1 1 1 



SX" 



in 



.781 
1.56 
2.84 
8.18 

8.91 
4.69 
5.47 
6J^ 

7.08 
7.81 
8.59 
9.38 

10.16 
10.94 
11.72 
12.50 



.833 
1.67 
2.50 
8.83 

4.17 
5.00 
5.83 
6.67 

7.50 

8.33 

9.17 

10.00 

10.83 
11.67 
12.50 
13.88 



18J28 14.17 
14.06 1 15.00 
14.84 15.88 
15.63 16.67 



16.41 
17.19 
17.97 
18.75 



17.50 
18.33 
19.17 
20.00 



19.53 20.88 

20.31 121.67 

21.09 J22.50 

21.88 23.33 



22.66 
23.44 
24.22 
25.00 



24.17 
25.00 
25.83 
26.67 



4>i" 



.885 
1.77 
2.66 
3.54 

4.48 
5.81 
6i0 
7.08 

7.97 

8.85 

9.74 

10.63 

11.61 
12.40 
13.28 
14.17 

15.05 
15.94 
16.82 
17.71 

18.59 
19.48 
20.36 
21.25 

22.14 
23.02 
23.91 
24.79 

25.68 
26.56 
27.45 
28.33 



1 I 



4K" 


49i" 


.938 


.990 


1.88 


1.98 


2.81 


2.97 


8.75 


8.96 


4.69 


4.95 


5.63 


5.94 


6.56 


6.98 


7.60 


7.92 


8.44 


8.91 


9.88 


9.90 


10.81 


10.89 


11.25 


11.88 


12.19 


12.86 


13.13 


13.85 


14.06 


14.84 


15.00 


15.83 


15.94 


16.82 


16.88 


17.81 


17.81 


18.80 


18.75 


19.79 


19.69 


20.78 


20.63 


21.77 


21.56 


22.76 


22.50 


23.75 


23.44 


24.74 


24.38 


25.73 


25.31 


26.72 


26.25 


27.71 


27.19 


28.70 


28.13 


29.69 


29.06 


30.68 


30.00 


31.67 



12" 

2.50 

5.00 

7.50 

10.00 

12:50 
15.00 
17.50 
20.00 

22.50 
25.00 
27.50 
80.00 

82.50 
85.00 
87.50 
40.00 

42.50 
45.00 
47.50 
50.00 

52.50 
55.00 
57.50 
60.00 

62.50 
65.00 
67.50 
70.00 

72.50 
75.00 
77.50 
80.00 
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WEIOHTS OF FLAT ROLLED IRON PER LINEAR FOOT. 

(Continued) 



Thieksflte 
inladm. 


6" 
1.04 


dH" 


&y2" 


6?i" 


6" 
1.26 


6>^" 


ej^" 


eh" 

1.41 


12" 


tV 


1.09 


1.15 


1.20 


1.80 


1.35 


2.60 


1 


2.08 


2.19 


2.29 


2.40 


2.50 


2.60 


2.71 


2.81 


5.00 


8.13 


8.28 


8.44 


8.59 


8.75 


8.91 


4.06 


4.22 


7.60 


i 


4.17 


4.38 


4.58 


4.79 


5.00 


6.21 


5.42 


6.63 


10.00 


■fs 


6.21 


5.47 


6.78 


5.99 


6.26 


6.51 


6.77 


7.03 


12.50 


A 


6.25 


6.56 


6.88 


7.19 


7.50 


7.81 


8.13 


8.44 


15.00 


7J89 


7.66 


8.02 


8.39 


8.75 


9.11 


9.48 


9.84 


17.50 


Y 


8.33 


8.75 


9.17 


9.58 


10.00 


10.42 


10.83 


1155 


20.00 


A 


' 9.38 


9.84 


10.81 


10.78 


11.25 


11.72 


12.19 


12.66 


22.6a 


¥ 


10.42 


10.94 


11.46 


11.98 


12.50 


18.02 


13.54 


14.06 


25.00 


\\ 


11.46 


12.08 


12.60 


13.18 


18.75 


14.82 


14.90 


16.47 


27.50 


i 


12.50 


13.13 


18.76 


14.88 


15,00 


15.68 


1655 


1(.» 


80.00 


w 


13.54 


1452 


14.90 


15.57 


16i5 


16.93 


17.60 


18.28 


82.50 


I 


14.58 


15.81 


16.04 


16.77 


17.50 


1853 


18.96 


19.69 


86.00 


a 


15.63 


16.41 


17.19 17.97 18.75 


19.53 


^0.81 


21.09 


^7.60 


1 


16.67 


17.50 


18.83 19.17 


20.00 


20.83 


21.67 


22.50 


40.00 


ItV 


17.71 


18.59 


19.48 


20.36 


21ii6 


22.14 


23.02 


28.91 


42.60 


H 


18.76 


19.69 


20.63 


21.56 


22.50 


23.44 


24.88 


25.81 


46.00 


U\ 


19.79 


20.78 


21.77 


22.76 


23.75 


24.74 25.73 


26.72 


47.50 


n 


20.83 


21.88 


22.92 23.96,25.00 


26.04 27.08 28.13 


50.00 


liV 


21.88 


22.97 


24.06 25.16 26.25 27.34 


28.44 


29.53 


52.50 


1* 


22.92 


24.06; 26.21 '26.35 27.50 


28.65 ' 29.79 ! 30.94 


55.00 


ir.T 


23.96 


25.16 


26.35:27.55 28.75 


29.95 31.151 32.34 


57.50 


M 


25.00 


26.26 


27.50 


28.75 30.00 


31.25 


82.50 


33.75 


60.00 


lA 


26.04 


27.34 


28.65 


29.95 31.25 


32.55 


83.85 


35.16 


62.50 


If 


27.08 


28.44 


29.79 i 31.15 1 32.50 


33.85 ; 3551 


36.56 


65.010 


M.^ 


28.13 


29.53 ' 30.94 ! 32.34 , 33.75 


85.16 


36.56 


37.97 


67.50 


U 


29.17 


30.63 


32.08 33.54 '35.00 

1 


36.46 


37.92 


39.38 


70.10 


UJ 


30.21 


31.72 


33.23 34.74 


36.25 


37.76 


89.27 


40.78 


72.50 


u 


31.25 


32.81 34.38.35.94 


37.50 


89.06 


40.63 


42.19 


75.00 


li^* 


32.29 


33.91 35.52 37.14 


38.75 


40.86 


41.98 


43.59 


77.50 


S 


33.33 


35.00 

1 


36.67 


38.33 


40.00 


41.67 


43.33 


45.00 


80.00 
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(Continued) 



I 
I 
I 

It 

It 



1" 


7^" 


7>i" 


7%" 


8" 


1.46 
8.98 
4.88 
5.88 


Ul 
8.08 
4.58 
6.04 


lJi6 
8.18 
4.69 
6.85 


1.61 
8Je8 
4.84 
6.46 


1.67 
8.88 
5.00 
6.67 


7.89 

8.75 

lOJBl 

11.67 


7.55 

9.06 

10.57 

18.06 


7.81 

9.88 

10.94 

18j50 


8.07 

9.69 

11.80 

18.98 


8.88 
10.00 
11.67 
18.83 


18.18 
14.58 
16.04 
17JW 


18.59 
15.10 
16.61 
18.18 


14.06 
15.68 
17.19 
18.76 


14.58 
16.15 
17.76 
19.88 


15.00 
16.67 

80.00 


18.96 
80.48 
81.88 
88.38 


19.64 
81.15 
88.66 
84.17 


80.81 
81.88 
88.44 
85.00 


80.99 
88.60 
84je8 
85J» 


81.67 
88.88 
85.00 
86.67 


84.79 
86JB5 
87.71 
89.17 


85.68 
27.19 
88.70 
80.81 


86.56 
88.18 
89.69 
81J35 


87.45 
89.06 
80.68 
88Ji9 


88.88 
80.00 
81.67 
83.88 


80.68 
88.06 
88.54 
85.00 


81.78 
88je8 
84.74 
86J» 


88;81 

84.88 
85.94 
87.50 


^.91 
85.58 
87.14 
88.75 


$.00 
86.67 
88.88 
40.00 


86.46 
87.98 
'89.88 
40.88 


87.76 
89JS7 
40.78 
4829 


89.06 
40.68 
48.19 
48.75 


40.86 
41.96 
48.59 
45JS1 


41.67 
48.83 
45.00 
46.67 


48.89 
48.75 
45JB1 
46.57 


48.80 
45.^1 
46.88 
48.83 


45.81 
46.88 
48.44 
50.00 


46.88 
48.44 
50.05 
51.67 


48.88 
50.00 
51.67 
58.83 



8>i" 



1.78 
8.44 
5.16 
6.88 

8.59 
10.81 
18.08 
18.75 

15.47 
17.19 
18.91 
80.68 

88.84 
84.06 
85.78 
87.50 

89J28 
80.94 
88.66 
84.88 

86.09 
87.81 
89.58 
41.85 

48.97 
44.69 
46.41 
48.18 

49.8t 
51.56 
53.88 
55.00 



8)^" 


8X" 


1.77 

54^1 
7.08 


1.88 
8.65 
5.47 
7J» 


8.85 
10.68 
18.40 
14.17 


9.11 
10.94 
18.76 
14.58 


15.94 
17.71 
19.48 
81J» 


16.41 
18J» 
80.05 
81i<H 


88.08 
84.79 
86.56 
88.88 


88.70 
85.58 
87.84 
89.17 


80.10 
81.88 
88.65 
85.48 


80.99 
88.81 
34.64 
36.46 


87.19 
88.96 
40.73 
48i0 


88.28 
40.10 
41.98 
48.75 


44Je7 
46.04 
47.81 
49.58 


45.57 
47.40 
49J32 
51.04 


51.85 
58.18 
54.90 
56.67 


58,86 
54.69 
56.51 
58.33 



12" 



8ii0 

5.00 

7.50 

10.00 

18J0 
15.00 
17.50 
80.00 

88.50 
85.00 
87.50 
80.00 

88^ 

85.00 
87.50 
40.00 

48.50 
45.00 
47.50 
50.00 

58.50 
55.00 
57.50 
60.00 

68.50 
65.00 
67.50 
70.00 

72.50 
75.00 
77.50 
80.00 
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(Continued) 



Thioknan 
ifllBches. 


9" 

1.88 


9>i" 
1.93 


9H" 
1.98 


9H" 
2.03 


10" 

2.08 


lOi" 

2.14 


lOJ'' 

2.19 


lOj" 

2.24 


22" 


^ 


2.50 


i 


8.75 


3.85 


3.96 


4.06 


4.17 


4.27 


4.38 


4.48 


5.00 


A 


5.63 


5.78 


5.94 


6.09 


6.25 


6.41 


6.56 


6.72 


7.50 


i 


7.60 


7.71 


7.92 


8.13 


8.83 


8.64 


8.75 


8.96 


10.00 


A 


9.38 


9.64 


9.90 


10.16 


10.42 


10.68 


10.94 


11.20 


12.60 


Jl 


11.25 


11.66 


11.88 


12.19 


12.50 


12.81 


13.13 


13.44 


15.00 


13.13 


13.49 


13.85 


14.22 


14.58 


14.96 


15.31 


15.68 


17.50 


i 


15.00 


16.42 


15.83 


16.25 


16.67 


17.08 


17.50 


17.92 


20.00 


A 


16.88 


17.34 


17.81 


18.28 


18.75 


19.22 


19.69 


20.16 


22.50 


i 


18.75 


19.27 


19.79 


20.31 


20.83 


21.35 


21.88 


22.40 


25.00 


H 


20.63 


21.20 


21.77 


22.34 


22.92 


23.49 


24.06 


24.64 


27.50 


J 


22.50 


23.13 


23.75 


24.38 


25.00 


25.62 


26.25 


26.88 


80.00 


i« 


24.38 


25.05 


25.73 


26.41 


27.08 


27.76 


28.44 


29.11 


82.50 


* 


26J^ 


26.98 


27.71 


28.44 


29.17 


29.90 


30.68 


81.86 


85.00 


H 


28.13 


28.91 


29.69 


30.47 


31.25 


82.03 


32.81 


33.59 


37.50 


1 


30.00 


30.83 


31.67 


32.60 


33.33 


34.17 


36.00 


35.83 


40.00 


lA 


31.88 


32.76 


33.65 


34.53 


35.42 


36.80 


37.19 


38.07 


42.60 


n 


33.75 


34.69 


35.63 


36.66 


87.50 


38.44 


39.38 


40.31 


45.00 


lA 


35.63 


36.61 


37.60 


38.69 


39.58 


40.67 


41.66 


42.66 


47.60 


U 


37.50 


38.54 


39.68 


40.63 


41.67 


42.71 


43.75 


44.79 


50.00 


ItV 


39.38 


40.47 


41.66 


42.66 


43.75 


44.84 


45.94 


47.03 


62.50 


If 


41.25 


42.40 


43.64 


44.69 


45.83 


46.98 


48.13 


49.27 


65.00 


liV 


43.13 


44.32 


45.62 


46.72 


47.92 


49.11 


60.31 


61.61 


57.6() 


M 


45.00 


46.25 


47.60 


48.75 


50.00 


51.25 


52.50 


53.75 


60.00 


lA 


46.88 


48.18 


49.48 


60.78 


62.08 


53.39 


54.69 


55.99 


62.50 


U 


48.75 


50.10 


51.46 


62.81 


64.17 


65.62 


66.88 


58.23 


65.00 


H 


50.63 


52.03 


63.44 


64.84 


66.26 


67.66 


69.06 


60.47 


67.50 


U 


52.50 


53.96 


65.42 


66.88 


58.33 


69.79 


61.26 


62.71 


70.00 


IH 


54.38 


55.89 


57.40 


68.91 


60.42 


61.93 


63.44 


64.95 


72.60 


U 


56.25 


67.81 


69.38 


60.94 


62.50 


64.06 


65.63 


67.19 


76.00 


i*^ 


58.13 


69.74 


61.35 


62.97 


64.68 


66.20 


67.81 


69.43 


77.60 


2 


60.00 


61.67 


63.83 


66.00 


66.67 


68.33 


70.00 


71.67 


80.00 
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WEIOHTS OP FLAT ROLLED IRON PER LINEAR FOOT. 

(Concluded) 



nidbun 
inlnokM. 


11" 

2.29 


Hi" 
2.84 


llj" 
2.40 


113" 

2.45 


12" 

2.50 


12i" 

2.65 


12J" 
2.60 


12J" 

2.66 


itions 
d the 
iSlbs. 


A 




i 


4.58 


4.69 


4.79 


4.90 


5.00 


6.10 


b2\ 


5.81 


6.88 


7.03 


7.19 


7.84 


7.50 


7.66 


7.81 


7.97 




? 


9.17 


9.38 


9.58 


9.79 


10.00 


10.21 


10.42 


10.G3 


|C^ 


A 


11.46 


11.72 


11.98 


12.24 


12.50 


12.76 


18.02 


18.28 


ee If:) ' 


i 


18.76 


14.06 


14.88 


14.69 


15.00 


15.81 


15.68 


15.94 


16.04 


16.41 


16.77 


17.14 


17.50 


17.86 


1823 


18.59 


s^<^ 


i 


18.83 


18.75 


19.17 


19.58 


20.00 


20.42 


20.88 


21.25 


S^ II 


•ft 


20.63 


21.09 


21.56 


22.08 


22.50 


22.97 


28.44 


28.91 


'7\ ^ M 


i 


22.92 


28.44 


28.96 


24.48 


25.00 


26.52 


26.04 


26.66 




ik 


25.21 


25.78 


26.85 


26.98 


27.60 


28.07 


28.65 


29.22 


^^^ 


1 


27^ 


28.18 


28.75 


29.88 


80.00 


80.68 


81J25 


81.88 




a 


29.79 


80.47 


81.15 


81.82 


82.50 


83.18 


88.85 


84.58 


Y 


82.08 


82.81 


88.54 


US7 


85.00 


85.73 


86.46 


87.19 


lo^ 


H 


84.88 


85.16 


85.94 


86.72 


87.60 


88.28 


89.06 


89.84 


CO W 


1 


'86.67 


87.50 


88.83 


89.17 


40.00 


40.88 


41.67 


42.50 




*-tV 


88.96 


89.84 


40.78 


41.61 


42.60 


48.39 


44J^ 


45.16 


li 


41J^ 


42.19 


43.18 


44.06 


45.00 


45.94 


46.88 


47.81 


1 .^ 


48.64 


44.58 


45.52 


46.51 


47.50 


48.49 


49.48 


50.47 




iV 


45.83 


46.88 


47.92 


48.96 


50.00 


51.04 


52.08 


53.18 




lA 


48.18 


49.22 


60.81 


61.41 


52.50 


68.69 


54.69 


55.78 


£ d © 

«5| 


iJt 


50.42 


51.56 


52.71 


58.85 


55.00 


56.15 


57.29 


58.44 


5^3 


52.71 


58.91 


55.10 


56.30 


57.60 


58:70 


59.90 


61.09 


•73 »-i © 

■ ^M Cj ^^ 


1? 


55.00 


56.25 


57.50 


58.75 


60.00 


61.25 


62.50 


68.75 




lA 


57J89 


58.59 


59.90 


61.20 


62.60 


63.80 


65.10 


66.41 


£2 «*.S 


1» 


59.58 


60.94 


62.29 


63.65 


65.00 


66.85 


•67.71 


69.06 


s^l 


Hi 


61.88 


63.28 


64.69 


66.09 


67.50 


68.91 


70.31 


71.72 




1* 


64.17 


65.63 


67.08 


68.54 


70.00 


71.46 


72.92 


74.88 




Hi 


66.46 


67.97 


69.48 


70.99 


72.60 


74.01 


76.52 


77.03 


©T^ o 

/rt OS -Q 


1? 


68.75 


70.31 


71.88 


73.44 


75.00 


76.56 


78.13 


79.69 


Hi 


71.04 


72.66 


74.27 


75.89 


77.50 


79.11 


80.73 


82.34 


® 5 -*-» 


2 


78.88 


75.00 


76.67 


78.89 


80.00 


81.67 


83.83 

i 


85.00 


El o to 
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SQUARE AND ROUND IRON BARS. 



it 



i 

1 

i 

L 

i 

A 

i 

♦ 

ii 

,\ 

J 



t 

A 

A 
A 

A 
t 



Om fioot Uni;. 



.Old 
.062 
.117 

.208 
.826 
.460 
.688 

.888 
1.066 
1.802 
1.676 

1.876 
2.201 
2.662 
2.980 

8.888 
8.768 
4.219 
4.701 

6.208 
6.742 
6.802 
6.888 

7.600 
8.188 
a.802 
9.492 

10.21 
10.96 
11.72 
12.61 



QUr 

Ont foot long. 



.010 
.041 
.092 

.164 
.266 
.868 
.601 

.664 

.828 

1.028 

1.287 

1.473 
1.728 
2.004 
2.301 

2.618 
2.966 
8.313 
8.692 

4.091 
4.610 
4.960 
6.410 

6.890 
6.392 
6.913 
7.466 

8.018 
8.601 
9.204 
9.828 



Am of 
in iq. indMii 



18.33 


10.47 


14.18 


11.14 


16.06 


11.82 


16.96 


12.68 


16.88 


18.26 


17.88 


14.00 


18.80 


14.77 


19.80 


16.66 


20.88 


16.86 


21.89 


17.19 


22.97 


18.04 


24.08 


18.91 



.0089 
.0166 
.0862 

.0626 
.0077 
.1406 
.1914 

.2600 
.8164 
•8906 
.4727 

.6626 
.6602 
.7666 
.8789 

1.0000 
1.1289 
1.2666 
1.4102 

1.6626 
1.7227 
1.8906 
2.0664 

2.2600 
2.4414 
2.6406 
2.8477 

3.0626 
3.2862 
3.6166 
3.7639 

4.0000 
4.2689 
4.6166 
4.7862 

6.0625 
6.8477 
6.6406 
6.9414 

6.2600 
6.6664 
6.8906 
7.2227 



intef 

O *« 

ia aq. ineka. 



.0081 
.0128 
.0276 

.0491 
.0767 
.1104 
.1603 

.1068 
.2486 
.8068 
.3712 

.4418 
.6185 
.6013 
.6903 

.7864 

.8866 

.9940 

1.1076 

1.2272 
1.3630 
1.4849 
1.6230 

1.7671 
1.9175 
2.0739 
2.2365 

2.4053 
2.6802 
2.7612 
2.9483 

3.1416 
3.8410 
3.5466 
3.7583 

3.9761 
4^2000 
4.4801 
4.6664 

4.9067 
5.1672 
6.4119 
6.6727 






of O ■« 
ininchat. 



.1068 
.8927 
.6890 

.7864 

.9817 

1.1781 

1.8744 

1.6708 
1.7671 
1.9686 
2.1698 

2.3662 
2.6525 
2.7489 
2.9452 

8.1416 
8.3379 
8.6343 
3.7306 

8.9270 
4.1233 
4.3197 
4.6160 

4.7124 
4.9087 
6.1051 
6.3014 

5.4978 
5.6941 
5.8905 
6.0868 

6.2882 
6.4795 
6.6750 
6.8722 

7.0686 
7.2649 
7.4613 
7.6676 

7.8640 
8.0608 
8.2467 
8.4480 
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SQUARE AND ROUND IRON BARS. 

(Concluded) 



lUeknesB 

or Dianetei 

in Inches. 


▼•i«hi«f 

r LJ Ba^ 
One ?ooi long. 


Woigkt of 

O 8*' 

One Foot long. 


Area of 
ina^. inokcs. 


Am of 

o ^ 

in sq. inches. 


CiroDBifflrance 

of O Bw 

ininchM. 


1 


26.21 
26.37 
27.56 
28.76 


19.80 
20.71 
21.64 
22.69 


7.5625 
7.9102 
8.2656 
8.6289 


5.9396 
6.2126 
6.4918 
6.7771 


8.6394 
8.8357 
9.0321 
9.2284 


d 

ft 
i 
ft 


S0.00 
31.26 
32.65 
33.87 


23.66 
24.55 
25.57 
26.60 


9.0000 
9.3789 
9.7666 
10.160 


7.0686 
7.3662 
7.6699 
7.9798 


9.4248 
9.6211 
9.8175 
10.014. 


1 


35.21 
36.68 
37.97 
39.39 


27.65 
28.73 
29.82 
30.94 


10.563 
10.973 
11.391 
11.816 


8.2968 
8.6179 
8.9462 
9.2806 


10.210 
10.407 
10.603 
10.799 


t 


40.83 
42.30 
43.80 
45.33 


32.07 
33.23 
34.40 
35.60 


12.250 
12.691 
13.141 
13.598 


9.6211 
9.9678 
10.321 
10.680 


10.996 
11.192 
11.388 
11.586 


1 


46.88 
48.45 
50.06 
51.68 


36.82 
38.05 
39.31 
40.59 


14.063 
14.535 
15.016 
15.504 


11.045 
11.416 
11.793 
12.177 


11.781 
11.977 
12.174 
.12.870 


4 


53.33 
66.01 
66.72 
58.46 


41.89 
43.21 
44.65 
46.91 


16.000 
16.604 
17.016 
17.635 


12.666 
12.962 
13.364 
13.772 


12.566 
12.763 
12.969 
13.165 


* 


60.21 
61.99 
63.80 
66.64 


47.29 
48.69 
60.11 
51.55 


18.063 
18.598 
19.141 
19.691 


14.186 
14.607 
16.033 
16.466 


13.352 
13.548 
13.744 
13.941 


i 

ft 


67.60 
69.39 
71.30 
73.24 


53.01 
54.50 
56.00 
57.62 


20.250 
20.816 
21.391 
21.973 


15.904 
16.349 
16.800 
17.267 


14.137 
14.334 
14.530 
14.726 


A 


76.21 
77.20 
79.22 
81.26 


59.07 
60.63 
62.22 
63.82 


22.563 
23.160 
23.766 
24.379 


17.721 
18.190 
18.666 
19.147 


14.923 
15.119 
16.315 
15.512 


6 


83.33 


65.46 


26.000 


19.635 


15.706 
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ANGLE IRON. 
Weight Per Linear Foot. 



6 x6 xj^ 24 

5 x5 xA 16J^ 

4 xi xK 12>£ 

3K X SJiJ X A 9 

3 X 3 X Ji 7 

2Kx2KxA 5 

2Jix2J4x« 4« 



Lbs. 



u 



u 



(( 



M 



U 



U 



2 x2 xJi 3J^Lba 

VixlHx^ 2?4' " 

IJ^xlKxa 2 • 

l)4xl«xA IH 

1 xl xi^ 1 



.v 



X /8 
0^ V 1^ 



'4x :^x^ 



9^ 



« 

M 



5 

7 
6 
4 



x8 
x6 
x3 
x4 



xM 
xM 

X 



H' 



TEE IRON. 
Weight Per Linear Foot. 



.30 
.30 

.14 



Lbs. 



3^x33^x1/ 12K 

3 x3 xH 7?4 

2}ix2KxA 5 



U 



M 



(t 



(t 



it 



(4 



H^ 






/ 



xj 



8 



% 



u 



2}ix2}ix^ 4 LbB 

2 x2 x}i 3}i " 

lUxlHxH 3 

iHxlHxH 2% 

nixiy^xu 2K 

1 xl x}'^ 1 
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EXAMINATION PLATES. 
PLATE I. 

The i)lates of this Instruction Pa^x^r should be laid out the 
same size as explained in the course on Tinsmith's Work. Before 
starting these plates the student should first practice on other 
papt^r and make models of stiff cardboard to prove the accuracy 
of the patterns. When the problem is thoroughly mastered and 
understood, copy and send in your best drawing for examination 
and correction. 

The first problem given is the intersection and development 
of a cylinder and a right cone, whose lines of axis run parallel to 
each other. First draw the b^ise of the cone B C 4 J inches long, 
placing B 1^ inches from the border line, and the line C B 5 J inches 
above the bottom line. Make the vertical height of the cone 3^ 
inches, and draw the lines A B and A C. Through A draw the 
center vertical line J G, on which 2 J inches below the base line C B 
establish the XK)int I. Now with I as center and ^ of C B as radius, 
describe the circle E F G H, which represents the plan of the cone. 
From A on the line A C measure dow;n one inch as shown at e ' , 
from which erect a vertic«al line e' K f-inch high. From K draw 
the horizontal line K L equal to Ig inches, and from L drop a 
perpendicular intersecting the side of the cone at M. Directly 
above L K in its proper relative position ^-inch above L K, with N 
as center draw the circle shown, which represents a section through 
L K. Through the center N draw the horizontal line a e. Now 
divide the half upper section N into an equal number of spaces as 
shown hy a h c d e^ from which points drop vertical lines intersect- 
ing the side of the cone A C at «' V c d' and e\ and from these 
ix)ints, draw horizontal lines, intersecting the opposite side A B 
from a '' to e " . 

The next step is to construct planes in plan as follows: From 
the various intersections a " to ^ " in elevation, drop vertical lines 
intersecting the horizontal line H F in plan drawn through the 
center I, at a'" h'" c'" d'" and e'" . Then using I as center and 
distances to points a'" to e" as radii, strike the various circles 
shown. From the center of the section N in elevation extend th(» 
Hho intersecting H F in plan ntf; then using y as center and N a 
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or N e ill eU'vatiou as radius, describe! the circle 1-3-5-3 in plan, 
cutting the various i)lanes at 1, 2, 3, 4, and 5 on both sides. Now, 
from the various x)oints of intersection on the various x^^^^^^^-S^ ^^^ 
plan, erect lin(»s intersecting similarly lt»ttertHl x)lan(»s in elevation 
as shown at 1', 2', 3', 4', and 5', through which trace a line as 
shown, which r(*x)resents the line of intersection between the 
cylinder and right con(\ 

For the ijattem for the cylinder i^rocetnl as follows : Extend 
the line K L of the cylinder in elevation as shown by O P, placing 
the distance 1 from the margin line 2 J inches. Now starting from 
1, lay oflF on O P the stretchout of the section /'in plan, the spaces 
being designated by similar figures on C) P. From these small 
figures and at ricrht antrles to O P, draw lines which intersect with 
lines drawn from similarly numbered intersections on the line of 
intersection in elevation parallel to O P. Trace a line througli 

points thus obtained. Then will O P R be the full i)attem for the 
cylinder. 

The pattern for the right cone is developed as has already been 
described in the Tinsmith's Course, and for that reason will be 
shown only the method how to obtain the pattern for the opening 
in the cone to miter with the cylinder. For this proceed as follows: 
Draw radial lines from I in plan through the intersections 1, 2, 3, 
4, and 5^ cutting the outer curve E F G H at 1% 2\ S\ 4% and 5', 
resj)ectively. Now with A B in elevation as radius and A^ as center, 
describe a short arc as S T. Place the arc as far above the margin 
line as the plan Gr, and have S T central between the plan and 
margin line. From A^ drop a vertical line intersecting the arc S T 
at 1". Now starting from 1", set off on either side of the center 
line A^ 1'' the distances shown in plan from l''5''to4''to2''to3'', 
as shown by similar numbers on S T. From these jxjints draw 
radial lines to A'. Now using A' as center and with radii equal 
to A e\ A (I\ A r\ A J', and A (f' in elevation, describe arcs 
intersecting respectively the radial lines A' 1" at c", 2'' 2" at d" d\ 
3" 3" at c' c\ V A" at V h\ and A' 5" at a". Through these 
intersections trace a line as shown, which will be the desired 
oxx^ning. 
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PLATE II. 

This problem will give an examination on triangulation, being 
the development of an irregular solid whose bottom and top arc 
round when viewed on horizontal planes, the top plane being cut oflF 
at an angle of 45° to the base line. First draw the base line 1 '-6', 
2| inches long, placing the i3oiut 1 ' 2 inches from the margin line, 
and the line I'-G' in the center of the sheet. Three inches above 
the bottom margin line draw the horizontal line I'-O' in plan; 
then with a as center and radius equal to one-half of l'-6' in 
elevation, draw the circle shown in its proper position below the 
line I'-G' in elevation. Now J inch to the right of a on the line 
l'-6' in plan, establish J, which use as a center, and with |J-inch 
radius describe the inner circle l-^-Cy-Cj which represents the 
upper horizontal plane of the irregular article. From the points 

1 and 6 in plan, erect the vertical lines 1-1 and 6-6, making the 
height of the line 1-1 above the base line l'-6' in elevation 
3| inches, and from the point 1 in elevation draw the line 1-6 at 
an angle of 45° intersecting the vertical line 6-6 at 6. Now draw 
lines from 1 to 1' and from 6 to 6', which completes the elevation. 

Now divide the half plan into an equal number of parts 
(in this case 5) as shown by the small figures 1' to 6'. In the 
same manner divide the inner circle into the same number of parts 
as shown from 1 to 6. Now draw solid lines from 1' to 1, 2' to 2, 
3' to 3, 4' to 4, 5' to 5, and 6' to 6; and dotted lines from 1 to 2', 

2 to3', 3 to4', 4 to5', and 5 to6'. From the intersections 1' to 6' 
on the outer plan, erect lines intersecting the base line in elevation 
from 1 ' to 6 ' . In a similar manner, from the intersections on the 
inner cvrve in plan erect lines intersecting the top plane of he 
article from 1 to 6. Now connect lines in elevation from 2 to 2', 

3 to 3', etc., although these lines are not necessary in the develop- 
ment of the pattern, but are given only to show their relationship 
to similar lines in plan. The solid and dotted lines in plan 
represent the bases of triangles, which will be constructed, whose 
altitudes are equal to similarly numbered vertical heights in 
elevation. The construction of these triangles is shown at B and C, 
B representing the triangles on solid lines in iJan, and C the 
triangles on dotted lines in plan. Construct these triangles as 
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follows: Extend the line l'-6' in elevation as E F, the jwint 6' 
on E P to be placed 1 inch from the margin line. Now take the 
various distances of the dotted lines in plan as 6' to 5, 5' to 4 
4 ' to 3, 3 ' to 2, and 2 ' to 1, and iDlace them on the line E F as shown 
by similar numbers. Now from the small figures 1, 2, 3, 4, and 5 
on the line E F, erect lines, which intersect by lines drawn from 
similarly numbered intersections on 1-6 in elevation, parallel 
to E F, thus obtaining the points 1°, 2°, 3°, 4% and 5°. Then 
draw lines from V to 2', 2° to 3', 3° to 4', 4° to 5', and 5° to f/, 
which will represent the diagram of triangles on dotted lines in 
l)lan, the slant lines rex^resenting the true lengths on the finished 
article. In precisely the same manner obtain the diajjram of 
triangles B on solid lines in plan. For examiJe, take the distance 
of 2-2' in plan, and place it as shown by 2-2' on the line E F; 
from 2 at right angles to E/F draw the line 2-2° equal to the 
vertical height to 2 in elevation, and draw a line from 2° to 2', 
which is the true hnigth on 2-2' in plan. It now becomes 
necessary to obtain a true section on the line 1-6 in elevation. 
Therefore at right angles to 1-6 and from the various intersections 
1 to 6, draw lines as shown. Now measuring in each instance 
from the line l'-6' in plan, take the various distiinces to points 
2, 3, 4, and 5, and place them in A on similarly numbered lines, 
measuring in each instance from the line 1-6 in elevation, thus 
obtaining the points 2' to 5". A line traced as shown will be the 
half section on 1-6 in elevation. 

For the pattern proceed as follows: Draw any line as 1-1 ' in 
Gr equal to 1-1' in elevation. Now with radius equal to l'-2' 
in plan, and 1' in G as center, describe the arc 2'. Then using 
1 in G as center, and l°-2' in C as radius, intersect the arc 2' in G. 
Now with radius equal to 1-2 '' in the true section, and 1 in G as 
center, describe the arc 2, which intersect by an arc struck from 2' 
as center and with 2°-2' in B as radius. Proceed in this manner, 
using alternately as radii, first the divisions in the outer curve 
in plan, then the hypothenuses or slant lines in C; the divisions 
in the true section A, then the length of the slant lines in B, 
following the numbers in regular order until the last line 6-6' in G 
13 obtaincxl, this line being obtained from 6-6' in elevation. Trace 
!iiios as shown from 1 to 6 and from 1' to 6', which give the half 
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pattern. Trace the other half opposite the line 1-1' as shown by 
6^ 6^ Then will 6-1 -6*-6^-l '-6' be the full pattern with joint at 
6-6' in elevation 
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VENTILATION WORK * 

In the illustration is shown a system of ventilation, in wliich the various 
pipes are led from brick or metal flues to the attic as shown, and connected 
to the sheet metal drum. 

This drum is made in size equal to the combined area of all pipes entering 
same. The drum is set uimjii a wooden platform as shown and has a clean-out 
door made large enough to admit a man's body. Steam coils are placed inside 
to create a suction, when the heated air rises through the ventilator. The drum 
ig connected to the ventilator as shown, the bracing of the ventilator being 
fastened to the inside of the curb. 

The detail at the right shows the connection joint between the pipe and 
drum, while that at the left shows the constructicm of the metal door and frame, 
with method of fastening to the body of the drum. 

■^The illustration referred to will be found ou the back of this page. 
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PROBLEnS FOR LIGHT QAUQE flETAL. 

It is often the case that the sheet 
metal worker receives plans for 
vent, heat, or blower pipes to be 
constructed, in which the true 
lengths and angles are not shown 
but must be obtained from the 
])lans or measurements at the 
building. 

Figs. 65 and iW) show the prin- 
ciples employed for obtaining the 
true angles and lengths in oblique 
piping, it being immaterial w-hether 
the piping is round, square, or oval 
in section. The only safe way in 
obtaining these angles is to use the 
center line as a basis and after this 
line has been obtained, build the 
])ipe around it, so to speak. In Fig. 
(>5 let A B C represent the eleva- 
tion of the elbow shown in plan by 
D E. Through the center of the 
pipes draw the center line (( h c d 
which intersect the center lines of 
the pipe in plan at ^^ and/1 In ele- 
vation the rise of the middle piece 
B on the center line is equal to // r 
and projects to the right a distance 
equal to J //, shown in plan by/'/'; 
this same pij)e projects forward in 
plan a distance equal toe a. While the miter lines in elevation ! j 
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and Jc I have teen drawn straight, they would in reality show curved 
lines; those lines have not been projected as there is no necessity 
for doincr so. 

With the various heights and projections in plan and eleva- 
tion the true length and true angles are obtained as shown in Fig. 




TRUE LENGTH AND 
ANGLES 



Pig:. 66. 

fiO, in which draw the horizontal line ^^/"e(jual to <^yin plan in 
Fig. 65. Take the height from h to c and ])lace it iromfio c in 
Fiff. 66 on a vertical line erected from /*. Draw a line from e to 
c which is the true length on the center line of the pipe shown by 
B in elevation in Fig. 65. From the points c and e in Fig. 66 
draw perpendicular lines, making Y e X and X <? Z = the true angles 
shown by a b X and X c d respectively in Fig. 65. On either 
side of the center line in Fig. 66 lay off the half diameter of the 
pipe as shown, and in its proper position draw the profile W. 
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Divide this into equiil spacfs and obtain the pattern A K D E (' 
in the usual manner. As huth angles are similar the miter cut 
C E D can be used for all of the pattfMis. In drawinir tliis prob- 
lem for practice make the diameter of the j»i[K! 2 inelies, the heiffht 
from A to c iJ^ inches in Fig. (io, tlie projection /- to // ;t| inches, 
and the projection in plan <* to « 5^ inches. 

Our next pixtblem ia that of a rain-water cut-off, a ]>ei'8]>ective 
view of which is shown in Fig. 07. Wliile the miter cuts in this prob- 
lem are similar to elI>ow work the intersei-tion between tlie two 
beveled arms, and the cut-off or slide on the iiiHide recjuire atten- 
tion. Make the diameter of the 
threeopenings each 3 inches; A 
to B (Fig. 08) 1^ inches. From 
B at an angle of 45^ draw B C 3 J 
inches and C D 2 inches. From 
G draw the vertical miter line 
(I h. Make the distanue from B 
to T J inch. Place the line // e 
of the cut-off ^ inch altove the 
line T U as indicated at n and 
the line « '■ to the right of A (A, as 
indicated bj h, a distance of -^f 

inch. Parallel to G Jl draw cd Fijt. fi". 

giving slight play room between 

(i H, intersecting*: '/and e '-at (/and '-respectively. From '-at right 
angles to d c, draw a line as shown, intersecting A (i at _/', which is 
the pivot on which tlie cutoff c il e will turn either right or left. 
The angles of the pi[ies on opposite aides are conatnicted in similar 
manner; A B C D E F (t H IJ K L M will be the elevation, N, 
the section on A M and OPUS the section on I J. B T U L 
shows how far the up[>er tube projects into the b<Kly under which 
the scoop e il (.■ turns right and left to throw the rain water into 
either elbow as desired. The ftattern for the upper piece A T U M 
is a straight piece of metal whose circumference is efpial to X. 

For the pattern for (A), divide the half section O P li into 
equal spaces as shown, from which erect lines interset^ting the miter 
line II K as shown, and from which, parallel to K L and II O, draw 
lines intereectiug the joint lines G A L as shown. As none of the 
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lineB just drawn intersect the corner //, it will be necessary to ob- 
tain this jx)int on the half section () P 11 from which the stretch- 
out of the pattern is taken. Tlierefore from //, parallel to L K 
draw // h' intersecting II K at //', from which, parallel to K J, drop 
a line intersecting the profile O P II S at }i\ At right angles to 
L K draw stretchout of () 1* R S as shown by similar numbers on 
T^ U*, through which at ricrht ant^rles to T' T' draw lines which are 
intersected by lines drawn at right angles to L K from similar in- 




tersections on (t h L and II K. A line traced through ])oints thus 
obtained as shown by X Y Z V \V will be the pattern for (A). 
From/* in the elevation at right angles to L K project a line inter- 
secting the miter cut X Y Z at f and/*". At^/*' and^/" holes are 
to be punched in which the pivot /"of the scoop (\(l e in elevation 
\y\\\ turn. 

While the pattern for (B) can be obtained as that for (A) was 
obtained, a short method is to take the distance K to J and place 



164 



SHEET METAL WORK 



79 



it as shown from W to J* and V to J- on the lines of the pattern 
X W and Z V respectively extended. W Y P J* will be the pat- 
tern for n. 

To avoid a confnsion of lines in the development of the scoop 
or cnt-off r (1 f\ this has been shown in Fie;. (59 in which fl e r is a 
reprcxlnction of // r r in Ficr. OS. A true section of the scoop must 
now be drawn on ,f' c in Ficf. ()9 so that its dimensions will allow 
it to turn easily inside of the joint line U // in elevation in Fig. 
08. Therefore draw any horizontal line as 4 5 in Fig. ()9, at right 
angles to which from /'draw a vertical line intersecting 4 5 at /I 
Now take a distance ^\^ inch less 
than one-half the diameter of O R. 
in Fig. 08, and place it in Fig. ()9 
on either side of the line 4 5 on the 
vertical line jnst drawn as shown 
from f to 2 and /'to ~'. Extend 
// o till it intersects 4 5 at 4. Draw a 
line from 4 to 2'; by bisecting this 
line we obtain the line a h intersect- 
ing 4 5 at /. Then with / as center 
and / 2' as radius, describe the arc 2' 2. 
From 2 and 2' draw horizontal lines equal to /r as shown by 2 1 
and 2' 1'. Then will 14 1' be the true section on x <\ Divide . 
the half section into equal spaces as shown from 1 to 4, from which 
erect lines intersecting re and e fl. Extend j'c as xj^ upon which 
place the stretchout of 1 4 1' as shown by similar numbers on ir /, 
through which draw vertical lines. These lines intersect with hori- 
zontal lines drawn from similar interaec^tions on d e r. Through 
points thus obtained draw the line l')f 1' tn which is the desired 
pattern. As the pivot hole /'falls directly on line 2, then f"\f" 
will be the position of the holes in the pattern. Laps must be 
allowed to all patterns. 

In putting up rectangular hot air pipe it is often the case 
that the pipe will be placed in the partition of one story, then has 
to fall forward and twist one quarter way around to enter the par- 
tition of the upper story which runs at right angles to the lower 
one. A perspective view^ showing this condition is shown in Fig. 
70, where the upj)er opening turns one quarter on the lower one 




Fig. GO. 
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fliul leaiiitijT ti> t)u! ri^lit as itiiich kb in liliuwti in Fig. 71 in jilan. 
Tltis firolilem is knuwti as a transition yitw iii a rectangular |>i|tt'- 
l''nll size int-HSiireineiits aw given in Fig, 71 wliifb bIioiiM l»e 
drawn une-imlf size. TliB height of the transition piece is 1 foot 
8 inelu'S, the size of tlie ojieningB, each 4X 10 intrhes turned as 
shown, two indies to the left and two inches nliove the lower section 
as sliown. From the [dan construct tiie front and side elevations as 
showci l.y the dotted lines. A V, V U and K V (i II will then \k: 
the front and side elevations of the transition piece res|)ectively 



FRONT ELEVATION 




Fig. 7(1. 

equal to 'M inches or 10 niches for practice. Nuniljer each side 
of llic j)lan ("), (A), ('■!, and (-/). Thrtingh the front and side 
elevations draw the vertical and horizontal lines S T and V V 
rewjtectively at pleasure. These lines are only used as bases for 
ineasurenients in determining the jiatterns. For the jiatterii for 
the side marked (a) in plan take the length of B (J and place it 
on the vertical line B V in F'ig. 72. Through the points B and 
C draw the horizontal lines K F and II (i. making IS F and H E. 
and {' (i arxi (' 11 etpial resjtectively to tile distances Tneasnred from 
the line I' V in Fig. 71 to points F, K, <i, II. Draw lines from 
E tu II and K to (1 in Fig. 7:^, which Is tin' iwittern for (ai. 
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For the pattern for (b) in Fig. 71 take the distance of A 1), 
jiiid place it as shown by A I) in Fig. 72; through A and I) draw 
E F and H G, niaking A F and A E, and I) G and D II equal 




respectively to the distances measured from the line V) Y in side 
elevation in Fig. 71 to points F, E, G, II. Draw lines from E 
to II and F to G in Fig. 72, which will be the pattern for (b). In 
similar manner obtain the patterns for (c) and (d) in plan in Fig. 71. 
The lenp-ths of E 11 and F G are placed as shown by similar letters 





Fig. 73. 



Fig. 74. 



in Fig. 72, while the projections to A, B, (\ 1) are obtained 
from A, B, (-, D in front elevation in Fig. 71, measuring in 
each instance from S T. 

If desired the top and lower flange shown in the perspective 
in Fig. 70 can be added to the patterns in Fig. 72. Laps are 
allowed to the patterns to allow for double seaming at corners, if, 
however, tlie pattern should ])e required in one piece, it would only 
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he necessary to join the various pieces in their proj)er positions as 
shown hy n i1 hr in Kicr. 78, wliich would l.)rincr tlie seam on the 

line J N in plan in Fig. 71. 
In Fig. 74 is shown a per- 
spective view of a curved 
rectangular chute the con- 
struction of wliich arises in 
})iping and hlower work. The 
problem as here presented 
shows the sides a and a in 
vertical planes having the 
same height, w^hile the bot- 
tom h has more width than 
the top <\ The top opening 
is to rise above the bottom 
opening a given distance 
equal to (\ P^irst draw^ the 
plan and elevation as shown 
in Fig. 75, make A B equal to 
2 inches, B 8 2A inches; with 
a radius equal to \ inch, with 
n as center draw the quarter 
circle 8 2. F'rom 2 draw the 
vertical line 2 C equal to 1| 
inches and draw^ (' D equal to 
\\ inches. Make D 1 equal 
to (/ 2 and usinij n as center 
and a 1 as radius draw the 
arc 1 h. From A draw a 
line tangent to 1 /y as A 7. 
A B C: 1) will be the plan of 
the chute. In line with A B 
draw the section S T U V. 
In line with D V draw the 
section E FI II as shown. 
Place the desired rise of the 
chute as shown by F / in ele- 




.^-^f;^ii 






lO 



o 




-4-^4-41— 



_-l 




a> 






Fig. 75. 
vation and from / draw a horizontal line as /K, which intersect by 
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a line drawn from A B in plan as shown. Make K J equal to F E 
and draw the lines F K, K I, and E J, J 11. F E J K is the eleva- 
tion of the outside curve, II I K J the inside curve, F I K the 
bottom, and E II J the top. 

Having the plan and elevation in position we will first draw 
the pattern for the two vertical sides. For the pattern for the side 
of the chute shown by B C in plan proceed as follows: Divide 
the inner curve 2 to 8 into equal parts as shown by 2-4-0 and 8, 
from which j)oints drop lines intersecting the inside of the chute in 
plan IIJKIas shown. Atright angles to J K draw LM, upon which 
place the stretchout of B (] in plan as shown by similar letters and 
numbers on L M, through which draw vertical lines which inter- 
sect lines drawn parallel to L M from II J. Through points thus 
o])tained draw the line II 2^ 4^ G^ 8^'?N. The same method can 
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be employed for the curve P O, but as the height II I and J K are 
equal, having a common profile B C, take the height of li lor J K 
and place it on vertical lines as R P and N O and trace the curve 
li N as shown by P (). ^ P R is the pattern for C B in plan; ♦ 
To obtain the patteriv for the outside curve divide the curve 1-7 
into equal parts as shown, from which drop vertical lines inter- 
secting similar points in E J Iv F, in elevation at right angles to 
E F draw W X, upon which place the stretchout of I) A in plan as 
shown. From the divisions on W X drop vertical linens, which 
intersect by lines drawn from similar numbered intersections on 
E J. Trace a line through these points as shown by ry' and draw 
d e as explained in connection with the inside [)attern. r d ef\^ 
the pattern for the outside of the chute shown in plan by D A. 

As both the top and bottom of the chute have the same bevel, 
the pattern for one will answer for the other. Connect opposite 
j)oints in plan as shown from C to 1 to 2 to 3 up to 8, then to A. 
In similar manner connect similar points on the bottom in eleva- 
tion as shown from 1 to 2 up to K. The lines in plan rej)resent 
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the Imscg uf tlie tibctiotis wbose altitudes are equHl tu tbe variuiis 
heifrlns ill elevation, measured from (' K. Take tlie various leiifjtiis 
from :i to 3 to 4 too toO to7 to8 to A in plan aud place tbein as Bhown 
by similar niiiiilfers on the borizoutal line it Ji (Fig. 7fi); thiongli 
ti h draw vertical lines, equal in height to similar iiiiinlierg in ele- 
vation, in Fiij. 7."), nieaauitid from the line / K. For example take 
the distance 4 o in )ilan and jilaee it as shown by 4 5 in Fi^. 70. 
Erect j)er|)endicii]ars 4 4' and 5 5' equal to 4" 4 and 5" 5 \\\ eleva- 
tion in Fij;. 75. Uraw a line from 4' to 5' in F'ijr. 7I>. wbieh is the 
trne length of 4 ."> in [)Iaii in Fig. 75, Proeewl in similar manner 
for the balance of llie sections. Take a tracing of 1 2 C JJ in plaii 
and place it as shown l>y 1, 3, C, T) in Fig, 77. Now using 1 as 




PATTERN FOR 
TOP OR BOTTOM 
A-B-C-D IN FIG. 75 



Fig. 77. ■ Fig. 78. 

center and 1^' ii^' in (j-), in F'ig. 75, as radius, descrilH; tbe arc at 
;i, in l'"ig. 77. which is inlersected by an arc, strnek from 2 as 
center, and 3' it', in Fig. 7(). as radius. Now with radius ecjnal to 
'l'^ 4^ in (Y) in Fig. 75 and 2 in Fig, 77 as center, describe tbe 
arc at 4 which is intersected bv a» arc, struck from 3 as center and 
y 4', Fig. 711, as radius. ]*roceed in this manner, usingalternatdy 
as radius, first the divisions iU the {mttern (X), F'ig. 7o, then the 
slant lines in Fig. 7<5, the divisions in the |>attern (Y), Fig. 75, 
then again tbe lines in F'ig. 70 until the line 7 ^, Fig. 77, has l>eeu 
obtainnl. Then nsing7 as center, with a line eipial to 7y in (Xl, 
Fig. 75, as rudins, describe tbe arc- A, Fig. 77, which is iiitcr- 
sectetl by an arc struck from H as center and S' A, F'ig. 7('., 
as radins. Then with radins. equal to S^' N in {Y'), F'ig. 75, ami 
S. Fig. 77, as ccnlcr. descril>e the arc li, wbicb is intersected 
by an aic, struck from -\^as center anil A IJ in ]tliin in F'ig. 7.") 
as radiuM. Trace liin's tbrongh ]n)iiitw ibns obtaine<l in F'ig. 77, 
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and ABC' I) will be the desired pattern. Laps must be allowed 
ou all patterns for double seaming the corners. 

In Fig. 7S is shown a perspective view of a ho[)per register 
box usually made from bright tin or galvanized iron in hot air 
piping. In drawing this problem, the stndent should first draw 
the half })lan, making the semi- 
circle 8^ inches diameter, and 
placing it directly in the center 
of the rectangular top, which 
is 8^ inches wide and 5^ inches 
long. Draw the elevation from 
the plan as shown by A B (' 1) 
E F G II, making the vertical 
height V W, 2| inches, and the 
flanges at the top and bottom 
each 1 inch. I K L M in plan 
is the horizontal section on A 1> 
in elevation and () P II the sec- 
tion on E F. 

The pattern will be devel- 
o|)ed by triangulation, and the 
flrst step is to develop a set of triangles. Divide the quarter circle 
() K into e(]ual spaces, as shown by the numbers 1 to 7 in plan, from 
which draw lines to the a])ex ^F. These lines represent the bases 
of triangles whose vertical height is equal to V W in elevation. 
Therefore, in Fig. 80, draw any horizontal line as TL^, upon which 

j)lace the various lengths M 1 , M 2, M 8, etc.) 
Fig. 79) as shown by similar numbers on 
T r. From T V ereJt the line T S equal to 
the vertical heicrht V W ( Fitr. 79). Then 
draw the hypotenuses SS 1, S 2, S 8, etc., in 
Fig. (SO, which represent the true lengths of 
simihir numbered lines in j)lan in Fig. 79. 
For the half pattern with seams on I O and 
V K in plan, take a tracing of D V W in elevation and ])lace it 
as shown by D V 7 in Fig. 81. Now using I) as center, and with 
radii equal to the various slant lines in Fig. SO from S 1 to 8 7 
strike small ares as shown from 1 to 7 in Fig. 81. Set the dividers 





342516 
Fig. 80. 
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equal to the spaces contained in O li, in Fig. 7il, and starting from 
point 7, in Fig. SI, step from one arc to another until 1 is obtained. 
Then using 1 as center and K I) (Fig. 7!') as radius describe 
the are D' in Fig. S]. AViili ]) na cejil.T and SI I in plan in Fig. 




FiK. 81. 
71' as radins, draw lunitlier are inters) ■cling- llie one jirfvionsly 
drawn at ir. Diiiw a line froml to D' to I) in Fig. 81, 7 1 D'D V 
is the quarter jMittern, and tiie left-hand side of tiie tignre may In; 
made by tracing the quarter pattern reversed as shown by V C D" 
1' 7. Take the distance of the flange D A in elevation in Fig. 7!) 
and jilace it at right angles to the line D' D. I) (', C D" as shown 
respectively by A" A', A A^and A'^' A^, which completes the half 
pattern with laps allowed as shown 

The jjatlerii for tlie collar E F G II in 
elevation in Fig. 7!t is simply a straight 
fctrij) o^ metal, equal to the circumference 
ofO Pit in plan. 

It is often'tlie case that two unequal 
pipes are to be connected liy itjeans of a 
trAiisitiou jiiece as shown Iiy A in Fig. 8:2. 
"i of the pipes being cut at right 



Fit;. 8-2. 



the 

angles to each other. As the centers of 
both jiij)es are in one line when viewed in jilan, making both 
halves of the transition piece equal, the problem then consists of 
developing a transition piece, from a i-ound base to a round toj) 
placed vertically. Tlierefore in Fig. H'4 draw 1 5 equal to 2^ inches, 
and at an angle of 4') dniw D (5 1^ inelies. At right angles to 1 S 
draw i> 10 1 inelies h)ng iind draw a line frouL 10 to 1. On 1 5 draw 
the wmicirele 1 ;f .-.. rmd on I! 10 draw the semieirde K 10. 
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Divide both of these intu e<]iial spaces as sboM'ii, froiti wliicb draw 
lines perpendicular to their respective base lines. Connect opposite 
points as shown by the dotted lines, and construct a diagram of 




fffigm 



7 e 9 K) 



sections as shown in Fig. 84 whose l>aet!S and heights are er|iial to 
similar iiuiiibered bases and heights in Fig. HS. F'or example, take 
the distance 4 8 and place it as sliown by 4 8 in F"ig. 84, from which 
points erect the vertical lines 4 4' and 8.8' equal to 4 4' and 8 8' in 
Fig. 83, Draw a line from 4' to 8', F"ig. 84, which is the true 




Fig. 86. 

length on similar line in Fig. 83. For the |>atteni take the dis- 
tance of I 10 and place it as shown by 1 10 iu Fig. 85. Using 1 
as center, and 1 2', Fig. 83, as radins, describe the are 2 in Fig. 85; 
intersect it l>y an aif struck from 10 as center and 10 2', Fig. 84, 
as radius, Tlien using 10 f in Fig. HS as radius, and 10. Fig. 85, as 
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center, describe the arc 9, and intersect -it ])y an are struck from 2 
as center, and 2' 9', Fig. 84, as radius. Proceed in this manner 
using alternately as radii, first the divisions in the half profile 
1 3' 5, Fig. 83, then the length of the proper hypotenuse in Fig. 
84, then the divisions in 8' 10 in Fig. 83; then again the hypot- 
enuse in Fig. 84 until the line 5 in Fig. 85 has been obtained, 
which is equal to 5 () in Fig. 83. Laps should be allowed for 
riveting and seaming as shown. 



ELEVATION 
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Fig. 87. 



Tn Fig. 80 is shown a perspective of an offset connecting 
a round pipe w-ith an oblong pipe, having rounded corners. 

The first step is to ^properly draw the elevation and plan as 
shown in Fig. 87. Draw the horizontal line A 1> equal to one 
int'li, B 5' one inch, and from 5' at an angle of 45^ draw 5' 0' equal 
to 2^ inches and 0' C 1^ inches. Make the diameter C D 2| inches 
and D /'O' If inches. Make A 1' ^ inch and draw aline from V to 
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8' ___^._^_j;2:^. 
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76 
Fig. 88. 



5' 
5 



10' which completes the elevation. Directly above the line A B 
draw the section of the oblong pipe, inaking the sides 1 1 and 5 5 
equal to 1-A inches, to which describe the semicircles on each end 
as shown. In similar manner draw the section on T) C, wbich is 
shown by 8 10 S. A duplicate of the oblong pipe is also shown 
in plan by E F, showing that the centers of the pipe come in one 
line, making both halves symmetrical. 

The patterns for the pipes \yill lirst be obtained. Divide the 
semicircular ends of the oblong section into equal parts, in this 
case four, also each of the semicircles of the round pipe in similar 
number of parts as shown respectively from 1 to 5 and to 10. Draw 
vertical lines from these intersections cuttinor the miter line of the 
oblong pipe at 1' 2' 8' 4' 5' and the miter line of the round pipe at 
0' 7' 8' \r and 10'. In line with A B draw 
B M, upon which place the stretchout of 
the oblong pipe as shown by similar num- 
bers; from B M drop vertical lines inter- 
secting the lines drawn parallel to B M 
from similarly numbered ])oi-nts on 1' 5'. 
Trace a line through points thus obtained, 

and P N O will be the pattern for the oblong pipe. Jsowtake the 
stretchout of the round pipe, and place it on i) II; erect vertical lines 
as shown intersecting the lines drawn parallel to C II from similar 
intersections on 0' 10'. I J II C is the pattern for the round pipe. 

The transition piece 1' 5' 6' 10' will be developed by triangu- 
lation, and it is usual to obtain true sections on the lines 1' 5' and 
6' 10'; however, in this case it can be omitted because we have the 
true lengths of the various divisions on the lines 1' 5' and 0' 10' in 
the miter cuts in P and L respectively. 

The next step is to obtain a diagram of sections giving the 
true lengths, for which proceed as follows: Connect opposite ])oint8 
in elevation as shown from 1' to 0' to 2' to H' to IV etc., as shown. 
For example draw center lines through the oblong and round sec- 
tions as shown by ff h and r <l respectively, and take the length of 
1' 10' in elevation {ind place it as shown from 1 to 10 in Fig. 88. 
From 1 draw the vertical line 1 1' ecjual to the height of 1 in the 
oblong section in Fig. 87 above the center line (t h. As point 10 
in plan has no height, it falls on the center line r d in plan, then 
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draw a line from V tc^lO in Fig. 88. Now take the distance from 
1' to 9' in elevation, Fig. 87, and place it as shown from 1 to 9 in 
Fig. 88. Erect the lines 1 V and 9 9' equal to points 1 and 9 in 
the oblong and round sections in Fig. 87, measured respectively 
from the lines a h and e d. Draw a line from 1' to 9' in Fig. 87. 
Proceed in this manner until all of the sections are obtained. For 
the pattern proceed as shown in Fig. 89, in which draw any verti- 
cal line as e 10 equal to 1' 10' in elevation in Fig. 87. Kow, with 
one-half of 1 1 in pattern P as e 1 as radius, and e in Fig. 89 as 
center, describe the arc 1 which is intersected by an arc struck 
from 10 as center and 10 1', in Fig. 88 as radius. With radius 
equal to 10" 9" in pattern L in Fig. 87, and 10 in Fig. 89 as center 
describe the arc 9, which is intersected by an arc struck from 1 as 
center and 1' 9', in Fig. 88 as radius. Kow, using as radius 1" 2" 
in pattern V in Fig. 87- and 1 in Fig. 89 as center, describe the 
arc 2 which is intersected by an arc struck from 9 as center and 
9' 2' in Fig. 88 as radius. 

Proceed in this manner, using alternately as radii, first the , 
divisions in tlie pattern cut I J, Fig. 87, then the length of the 
slant lines in Fig. 88, the divisions in the cut O N in Fig. 87, then 
again the slant lines in Fig. 88 until the line 5 6 in pattern. Fig. 
89, has been obtained. Then using 5 as center and 1 e in P, Fig. 
87, as radius, describe the arc e' in Fig. 89, and intersect it by an 
arc struck from (5 as center and 0' 5' in elevation in Fig. 87 as 
radius. Draw lines through tlie various intersections in Fig. 89; 
10 e e' Ois the half pattern. 13y tracing it opposite the line r 10, 
as sliown by f 1' 5' r" (>' 10, the wliole ])attern, / e e* C 10 6, 
is found. Laj)s should be allowed on all patterns for seaming or 
riveting both in Figs. 87 and 89. 

In Fig. 90 is shown a perspective view of a three-way branch 
round to round, the inlet A being a true circle, and the outlets B, (J, 
and D also being true circles, the centers of which are in the same 
vertical plane, thus making both sides of the branch symmetrical. 

First draw the elevation and the various sections as shown in 
Fig. 91. Draw the center line a h, J>om h draw the center line 
of the branch C at an angle of 58° as shown by h d. Make the 
center lines (f h and h <l each )}.V inclies lone. Mfike the half 
diameter of the branch T> at the outlet ^ inch, and the full diam- 
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titer of tlie limiK-)) C, at tlic outlet 1.'. indies placed on either aide 
(if and Ht riiflit aiiffles to the eetiter lines. Drjiw h line from /• to/', 
mill with /and /i as centers and radii t^qnal to ^ ineli draw nivs 
iiiteraeeting each other at '■. Draw lines from ■!■ to c to //. In 
Riniilar manner obtain A and the njipoaite hi.lf of B. A H V is 
tlie elevation of the three branches whose seetions on outlet lines 
ai-e shown reajiectively by <i V and K and whosu section on tlie 
inlet line is shown by I). 

The next step is to obtain a trne section on the miter line or 
lino of joint A <: Knowing the lieight A '■ and the width at tlie 




l-'iK- m. Fig. flO. 

bottom, whicli is equal to the diameter of D, tlie shape can be 
drawn at pleasure as shown in Vij^. 92, h <■ is drawn eijnal to h <; 
Fig. 91, wliile h il and h u are e(]ual to the half diameter D in Fig. 
91. Now through a r if in Fig. 92 dmw the profile at jileasureas 
shown, which represents the true section on i- h in Fig. 91. 

As the side branches A and (! are alike, only one jiattern will 
be required, also asejiarato pattern for the ctmter brandi both of 
whicli will he develo])ed by triangnlation. To obtain the measure- 
ments for the sections for the center branch B, proceed as shown 
in Fig, 93 where 14 5 8 is a reproduction of one-half the branch 
B ill Fig. 91. As the four qnarteis of this center branch are alike 
only one quarter (rattern will be developed; tlien, if desired, the 
quarter [Bitterns can lie Joined together, forming one pattern. Now 
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take a tracing of c h (f, FiV. 1)2, and j)lace it on the line 5 8 as 
shown in V\iT, 1>;3. Similarly take a tracincr of the quarter profile 
F in Fig. 1)1 and pla«e it on the line 4 1 in Fig. 93. Divide the 
two profiles 1' 4 and 5 S' each into the same number of spaces as 
shown respectively by points V 2' 3' 4 and 5 0' 7' 8', from which 
points at right angles to their respective base lines 1 4 and 
5 S draw lines intersectingr the base lines at 1 2 3 4 and 5 7 8. 
Now draw solid lines from 3 to G and 2 to 7 and dotted lines from 
3 -to 5, 2 to 0, and 1 to 7. These solid and dotted lines rej)resent 





Fig. 91. Fig. 92. Fig. 9.3. 

tht^ l)ases of the sections whose altitudes are eipial to the various 
heights of the j)rofiles in Fig. 93. The slant lines in Fig. 94 rep- 
resent the true distances on similar lines in Fitr. 93, as those in 
Fig. 95 represent the true distances on dotted lines in Fig. 93. 

P'or the pattern take the length of 1' 8', Fig. 94, and place it 
as shown by 1 8 in Fig. 90, and using 8 as center and 8' 7' in 
Fig. 93 as radius draw the arc 7, which intersect by an arc struck 
from 1 as center and 1' 7' in Fig. 95 as radius. Then using 1' 2' 
in Fig. 93 as radius draw the arc 2, which intersect by an arc 
struck from 7 as center and 7' 2' in Fig. 94 as radius. Proceed 
ill this uuinner until the line 4 5 in Fitj. 90 has been obtained 
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which equals 4 5 in Fig. 03. Trace a line through points thus 
obtained in Fig. IM), then will 14 5 8 1 give the quarter pattern. 

If the pattern is desired in one piece- trace as shown by 
similar figures, to which laps must be allowed for riveting. 

As the two branches A and C in Fig. Ul are alike, one pat- 
tern will answer for the two. Therefore let 1 7 8 11 14 in Vl^. 
\)1 be a reproduction of the branch C in Fig. 91. Now take a trac- 
ing of a h r in Fig. 92 and place it as shown by 11' 11 8 in Fig. 
97; also take a tracing of the half section K and the quarter sec- 
tion T) in Fig. 91 and place them as shown resjwctively by 1 4' 7 and 
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Fig. 96. 
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11 ir 14 in Fig. 97. Now divide the two lower profiles 8 11 and 
11' 14 each into 3 equal parts, and the upper profile 7 4' 1 into (5 
equal parts as shown by the small figures 8 to IT, 11' to 14 and 1 
to 7. From these points, at right angles to the various base lines, 
draw lines, intersecting the base lines as shown by similar num- 
bers. Draw solid and dotted lines as shown, and construct the 
sections on solid lines as shown in Fig. 98 and the sections on 
dotted lines as shown in P^ig. 99 in precisely the same manner as 
described in connection with Fitjs. 94 and 9o. 

In Fig. 100 is shown the pattern shape (to which laps must 
be allowed for riveting) obtained as was the development of Fig. 
90. First draw the vertical line 1 14, Fig. 100, equal to 1 14 in 
Fig. 97. Then use alternatc^ly as radii, first the divisions in 1 4' 7 in 
Fig. 97, the proper slant line in Figs. 98 and 99 and the divisions 
in 11' 14 until the line 4 11, Fig. 100, is o])tained. Starting from 
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tbe point 11 use aa radii ill tlieir regular onier the distances marked 
off lietween 1 1' and 8, Fig. 97, tbeii the proper slant lines in Figs. 
JW and {I*.', the dtstaiiees shown in the fcniicirole, 1 4' 7, Fig. !I7. 
until the line 7 S, Fig. Km. isdrawn eijualto 7 8, in Fig. '.17. Then . 
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Fig. 99. 



1 7 8 H 14, Fig. 100, will he the lialf jwtteni. If the pattern is 
desired in one piece trace 1 7' S' 11' 14 opposite the line 1 14 
as sliown. 

In Fig. 101 Ih bIiowii a pers[)ec'tive view of a two-hranch fork 
oval to round, coinmoiily iimhI as Iirewhing for two boilers. Aa 




Fig. 100. 



Fig. 101. 



lH>tli halves of the fork are syni metrical tlie juittern for one will 
answer for the otlier. 

While the side elevation shown in Fig, 102 is drawn com- 
plete, it is only necessary in practice, to draw one half as follows, 
and then, if desired, the other half elevation can be traced opposite 
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to the center line E J. First draw J B, 11 inches, equal to the 
half diameter of the outlet, and the vertical center height J V, 2;^ 
inches. Establish the height of the joint J E one inch, and the 
desired jn'ojection Y D on the base line 1| inches. Draw the 
length of the inlet I) (' 2*^ inches, and draw a line from C to B 
and I) to E. Draw a similar figure opposite the line J E, and 
A B C D E F (t shows the side elevation of the fork. In their 
proper j)osition below A B draw the sections M and N whose 
semicircular ends are struck from a h e and d with radii equal to 
?> inch. Now draw- an end elevation in which the true section on 
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Pig. 102. 

J E is obtained. Draw the center line f e and extend the lines 
A B and G in elevation as A P and G S. Take the half diam- 
eter L J and place it on either side of ^,/as shown by O P. In a 
similar manner take the half diameter of the section N as d i and 
place it on either side of e f as shown by U S. Then O P S R 
shows the end elevation. Draw E T intersecting <',/' at T. Now 
draw the curve O T P, which in this case is struck from the center 
U, being obtained by bisecting the line O T. It should be under- 
stood that the curve O T P, which represents the true section on 
J E, can be made any desired sliape, but when once drawn, repre- 
sents a fixed line. 
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The pattern will be developed by triangiilation, for which 
diagrams of sections must be obtained from which to obtain meas- 
urements. These sections are obtained as follows: In Fig. 103 
1 4 5 12 13 is a reproduction of J B C D E, Fig. 102. Reproduce 
the quarter profile II L I, the half profile O T, and the half profile 
m n o as shown by 1' 1 4, 1" 13 1 and 12 9' 8' 5 in Fig. 103. 
Divide the round ends in a each into 3 parts and the profiles h and 
also each into 3 spaces, as shown by the figures. Drop lines 
from these figures at right angles to the base lines from 1 to 15 as 
shown and draw solid and dotted lines in the usual manner. While 
in some of the previous problems only dotted lines were drawn, we 
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Fig. 103. 
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Fig. 105. 



have drawn both solid and dotted lines in this case, in order to 
avoid a confusion of sections. A diagram of sections on solid lines 
in Fig. 103 is shown in Fig. 104, the figures in both correspond- 
ing; while Fig. 105 shows the true sections on dotted lines. The 
method of obtaining these sections has been described in connection 
with other problems. 

For the pattern draw any vertical line as 4 5, Fig. 100, equal 
to 4 5 in Fig. 103. Then with 5 6', Fig. 103, as radius and 5 in 
Fig. 100 as center draw the arc 0, intersecting it by an arc struck 
from 4 as center and 4 ()', Fig. 105, as radius. Then using 4 3', 
Fig. 103, as radius, and 4 in Fig. 100 as center, describe the arc 3, 
intersecting it by an arc struck from 6 as center and 0' 3' in Fig. 
104 as radius. Proceed in this manner, using alternately as radii, 
first the divisions in a in Fig. 103, then the slant lines in Fig. 
105; the divisions in c in Fig. 103, then the slant lines in Fig. 
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104, until the line 1 H, Fig. lOti. iu obtained. Now using 8 as 
center and 8' !)', Fig. 103. as radiuB draw the are 9 in Fig. 106, 
intersecting it [ly an arc struck from 1 as center and 1" 9', Fig. 
104, as radius. Then starting at 1 in Fig. lOB use alternately as 
radii, iirst the divisions in fi in Fig, 103, then the slant lines in 
Fig. 105, the divisions in 'i in Fig. 103, then the length of the 
slant lines in Fig. 104 until the line 12 13 is ohtained In Fig. 106, 
which equals 12 13 in Fig. 103, Trace a line through points thns 
obtained in Fig. 106, then will 4 1 13 12 9 8 5 be the half pattern. 
It the pattern is desired in one piece, trace this half opposite the 
tine 4 5 as shown by 1' 13' 12' 9' 8', allowing laps for riveting. 

In F'ig. 107 is shown « |)ers ((active view of a tapering tlange 
around a cylinder jiassing tlirough an inclined roof, tlie Hange 




Fig. 10(i. Fig. 107. 

I)eing rectangular (in the roof line. The problem will he developed 
Ijy triftiigulatioi), a ]>liin and elevation first l>eing required as shown 
ill Fig. 108. 

First draw the angle of the roof A B at an angle of 45", 
through which draw a center line C D, From the roof line A B 
on the center line set off « f> equal to 4 inches and through h draw 
the horizontal line E F, making B F and B E each one inch. 
Through il on the center line draw the horizontal line (1 H, making 
(/ H and (/ G each two inches. From H and G erect perpendiculars 
intersecting the roof line at K and L, Then draw lines from E to 
K and F to L, completing the elevation. Construct the square in 
plan making the four eidea equal to G II. Bisect II I and draw 
the center line f <■ intersecting the vertical center at (/'. Then with 
radius equnl to fi F or // E in elevation and </' in plan as center, 
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draw the circle 14 7 4' representing the horizontal section on E F 
in elevation, u'hile (i II 1 J is the horizontal section on K L in 
elevation. As the circle in plan is in the center of the square 
making the two halves symmetrical it is only necessary todivide the 
semicircle into equal spaces as sliown from 1 to 7 and draw lines 
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Fig. 1()8. 

from 1, 2, 3 and 4 to G, and 4, 5, and 7 to II. Then will the 
lines in 1 G 4 and 4 II 7 represent the bases of triangles which 
will be constructed, whose altitudes are shown respectively by the 
vertical heights in K E and L F in elevation. Therefore draw hori- 
zontal lines through E F, K, and L as shown by F O, K N, and L M. 
From any point as li and T on ¥ O, draw the perpendiculars R S 
and T IJ respectively, meeting the horizontal lines drawn from L 
and K. Kow take the various lengths in plan as Gl, G2, G3, and 
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G4 and place them on the line F O as shown by Tl, T2, T3 and T4, 
from which points draw lines to U which will represent the true 
lengths on similar lines in plan. In similar manner take the dis- 
tances in plan from II to 4, to 5, to 0, to 7, and place them on the 
line F O, from R to 4, to 5, to 6, to 7, from which points draw lines 
to S which represent the true lengths on similar lines in plan. 

For the pattern take the distance F L in elevation and place 
it on the vertical line 7' L in Fig. 109. At right angles to 7' L 
draw L S equal to r* H or r I in plan, Fig. 108. Draw the dotted 



line from 7' to S in Fig. 109, which should be equal to S 7 in W 
in Fig. 108. Now with radii equal to S 4? and S \ and S, Fig. 
109, as center, draw the arcs indicated by similar numbers. The 
dividers should equal the spaces in the semicircle in plan in Fig. 
108, and starting at T in Fig. 109, step from arc to arc of corre- 
sponding numbers as shown by 6', 5', 4'. Draw a dotted line 
from 4' to S. Then using S as center and L K in elevation, Fig. 
108, as radius, describe the arc U in Fig. 109, intersecting it by an 
arc struck from 4' as center and U 4, Fig. 108, as radius. Now 
using U J, and U § in X as radii, and U, Fig. 109, as center, 
describe arcs having similar numbers. Again set the dividers 
equal to the spaces in plan in Fig. 108, and starting from 4' in 
Fig. 109 step to corresponding numbered arcs as shown by 8', 2', 1'. 
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Draw tt dotted lint* from i' to U to 1'. With K E in elevation, 
Fig. 108, as radius, and 1' in Kifj. 109 as center, describe the 
arc e iotereetting it by an art struck from U as center and G « in 
plan in Fig, 108 as radius. Draw a line connecting S, U, c, and 1'. 
7' 4' 1' <■ V S L 7' shows the lialf pattern, which can be traced 
opposite the line 7' L to complete the full pattern as shown by 
7- r 1" e' V S L. 

One of the ditticult problems often eneotintered by the sheet 
metal worker is that of a cylinder joining a cone furnace top at 
any angle. The following problem shows the principle to ln' 
applied, no matter what size the furnace top lias, or what size pi]>e 
is Ufie<l, or at what angle the pij>e is placed in plan or elevation, tlie 
principles being applicable under any conditions. 

Fig. llOshowsa viewof acyl- 
inder intersecting a conical fnr- 
iiHce top, the pipe l)eing placed to 
one side of the center of the top. 
A B C D represents a ]>ortion of 
the conical top, intersected by the 
cylinder E F G JI. tlie side of the 
cylinder II I to intersect at a 
given point on the conical top as 
at II, This problem ])resents an 
interesting study in projections, 
intersections, and development, to 
*' which close attention should Ije 

given. 
In Fig. Ill first draw the center line A X. Then draw the 
half elevation A ]J D, making A B Ig inches. (" D 3J inches 
and the vertical height \ I) 2^ inches. Draw the line from B to 
O. Directly below (' 1) draw tlie one-quarter plan using Z as 
center, as shown by Z (" D' and in line with A B of the elevation 
draw the quarter plan of the top as Z B' A'. Let a in the eleva- 
tion represent the desired distance that the side of the cylinder is 
to meet the cone alxjve the base line as II in Fig. 110. From «, 
parallel to C D in Fig. Ill, draw </ h. Tlien from " drop a ver- 
tical line intersecting the line Z C in plan at "'. Then using Zas 
center and Z it as radius, descrilie the (juarter circle '(' h'. Z a' h' 
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in plan represents the true section on tlie horizontal plane <i i in 
elevation. Now locate the point where the side of the cylinder as 
U in Fig. 110 shall meet the arc <c' V in plan, Fig. Ill, as shown 

U 
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at 3". Through 3" draw the horizontal line intersecting the center 
line at K^, the outer arc at M^ and extend it indefinitely to 3. 
From 3 erect the perpendicular equal to the diameter of the cylin- 
der, or Ig inches, bisect it and obtain the center (\ Using c as 
center with c 7 as radius, describe the ])rofile of the cylinder as 
shown, and divide it into equal parts from 1 to 8. From tliese 
points draw lines parallel to 3 K', intersecting the outer arc 1)' C 
at N» ()» P R^ and the center line Z X at \\ G', Y.\ k\ With Z 
as center and the various intersections from K^ to A* as radii, 
describe the arcs K^ L', I^ J>, G^ H\ E^ F', and A' B'. From the 
intersection B', F', IP, J\ L* erect vertical lines into the elevation 
intersecting the side of the cone B C as shown by similar letters 
B F 11 J L. From these points draw horizontal lines through the 
elevation as shown respectively by A B, E F, G H, I J, and K L. 
These lines represent a series of horizontal planes, shown in plan 
by similar letters. For example, the arc E^ F^ in plan represents 
the true section on the line E F in elevation, while the arc G^ IP 
is the true section on the line G 11 in elevation, etc. 

The next step is to construct sections of the cone as it would 
appear, if cut by the lines shown in plan by K' M\ 1' N\ G^ ()',E^ 
P^, and A^ K^ To obtain the section of the cone in elevation on 
the line A^ R* in plan, proceed as follows: At right angles to the 
line A^ R^ and from the intersections on the various arcs, draw lines 
upward (not shown) intersecting similar planes in elevation cor- 
responding to the ai'cs in plan. A line traced through intersections 
thus obtained in elevation as shown from A to R, will be the true 
section on the line A^ R' in plan. For example, the line K' M' of 
the cylinder intersects the arcs at K^ 3" and M' respectively. From 
these intersections, erect vertical lines intersecting K L, h a^ and 1) C 
in elevation at K, 3', and M resj)ectively. Trace a curve through 
these points, then will K 3' M be the section of the cone if cut on 
the line K' IP in plan. In similar manner obtain the other sections. 
Thus the section line E P, G O, and I N in elevation, represent 
respectively the sections if cut on the lines E' P', G^ O^ and P N^ 
in plan. Now from the given point 3" in plan erect a line which 
must meet the intersection of the plane 1) a and section K M in 
elevation at 3'. From 3' at its desired angle, in this case 45 ', draw 
the line 3' 7. At any point as d at right angles to 3' 7 draw the 
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line 1 5 through ^/, making d 5 and d 1 each equal to half the 
diameter of the cylinder shown in plan. With //5 as radius and </ 
as center draw the profile of the cylinder in elevation, and divide it 
, into the same number of parts as shown in (' in plan, being careful 
to allow the circle tl in eh'vation to make a quarter turn, brintriug 
the number 1 to the top as shown. 

The next operation is to obtain the miter line or line of joint 
between the cylinder and cone in elevation. By referring to the 
])lan it will be seen that the ])oint 7 in the profile rlies in t]ie plane 
of the section A' R\ Tlien a line from the point 7 in the profile 
(1 in elevation, drawn parallel to the lines of the cylinder, must cut 
the section A li which corresponds to the plane A^ IS} in plan as 
shown by 7' in elevation. The points (> and 8 in the profile c* in 
plan, are in the j)lane at the section E' P\ then must the corre- 
sponding points G and 8 in the jH'oiile d in elevation, intersect the 
section E P as shown by ()' and 8'. As the points 1 5, 2 4:, and 8 
in the profile r in plan, are in the planes of the sections G^ 0\ 1' N', 
and K* W} respectively, the corresponding points 1 5, 2 4, and 3 in 
the profile d in elevation must intersect tlie sections (J O, I N, and 
K M respectively at points 1' 5', 2' 4', and 3' as shown. Trace a 
line through these points, which will show the line of intersection 
between the cone and cylinder. 

For the pattern ft)r the cylinder, proceed as follows: At right 
angles to the line of the cylinder in elev^ation, draw the line T U 
upon which place the stretchout of the profile d as shown by sim- 
ilar figures on TIT. Tn this case the seam of the pipe has l)een 
placed at 1 in d. Should the seam be desired at 8, 5 or 7, lay 
off the stretchout on TV starting with any of the given numbers. 
At ricrht angles to U T from the small ficjures 1 to 1 draw lines 
which intersect with lines drawn from similar numbered intersec- 
tions in the miter line in elevation at riirht ancrles to 1' 1, result- 
ing in the intersections 1 to 5 ' to 1 in the ])attern. Trace a line 
through ])oints thus obtained, then will l' \' W^ T be the develop- 
ment for the cylinder to which laps must be allowed for rivetintr 
to the cone as shown in Fiir. 110 and seamintr the ioint T W^ in 
pattern in Fig. 111. 

WHiile the pattern for the cone is ()l)taine(l the same fxs in 
ordinary flaring ware, the method will be (lescril)ed for obtaining 
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the pattern for tlie opening to be cut into the cone. Before tliis 

can be done a plan view of the intersection between the pipe and 
cone mnst first be obtained as follows: From the various in- 
tersections 1' to 8' in elevation drop vertical lines intersecting 
lines drawn from similar numbers in the profile c in plan, thus 
obtaining the intersections 1" to 8" through which a line is traced 
which is the desired plan view. 

For the pattern for 
the opening in the 
cone, the outline of 
the half elevation and 
one -quarter plan with 
the various points of 
intersections both in 
j)]an and elevation in 
Fig. 112 is a rej)ro- 
duction of similar 
parts in P^ig. Ill, and 
has been transferred 
to avoid a confusion of 
lines which would 
otherwise occur in ob- 
taining the pattern. 
Parallel to DC in Fig. 
112 from the various 
intersections 1' to 8' 
draw lines intersect- 
ing the side of the 
cone I J from 1 to 8. 
Through the various 
intersections 1" to 8" 
in plan from the apex 
Z draw lines intersecting the outer curve from 1' to 8^ as shown. 
Extend the line V B in elevation until it meets the center line I) A 
extended at E. Then using E as center, with E C and E B as radii 
draw the arcs C F and B Jf. respectively. At any point as 2^ on 
the arc C F lay off the stretchout of the various points on D^ C in 
plan from 2 to 0' as shown by similar figures on C F as shown 
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from 2^ to 6^. From these points draw radial lines to the apex 
E, and intersect them by arcs struck from E as center whose radii 
are equal to the various intersections on B C having similar numbers. 
Thus arc 4 intersects radial line 4^ at 4^; arcs 3, 5, and 2 intersect 
radial lines 3^, 5^, and 2^ at 3^, 5^, and 2^', and so on. Trace a 
line through points thus obtained as shown from 1^' to 8^' which is 
the desired shape. If a flange is desired to connect with the cylin- 
der, a lap must be allowed along the inside of the pattern. 

COPPERSniTH'S PROBLEMS. 

In the Ave problems which will follow, particular attention is 
given to problems arising in the coppersmith's trade. While all 
the previous problems given in the course can be used by the cop- 
persmith in the development of the patterns where similar shapes 
are desired, the copper worker, as a rule, deals mostly with ham- 
mered surfaces, for which flaring patterns are required. The prin- 
ciples w^hich will follow, for obtaining the blanks or patterns for 
the various pieces to be hammered, are applicable to any size or 
shape of raised w^ork. The copper worker's largest work occurs in 
the form of brewing kettles, which are made in various shapes, to 
suit the designs of the different architects who design the work. 
In hammering large brewing kettles of heavy copper plate, the 
pieces are developed, hammered, and fitted in the shop, then set 
together in the building, rope and tackle being used to handle the 
various sections for hammering, as well as in construction at the 
building. While much depends upon the skill the workman has 
with the hammer, still more depends upon the technical knowledge 
in laying out the patterns. 

In all work of this kind the patterns are but approximate, but 
no matter what size or shape the work has, the principles contained 
in the following problems are applicable to all conditions. 

In Fig. 113 is shown a perspective of a sphere which is to l>e 
constructed of horizontal sections as shown in Fig. 114, in which 
for practice draw the center line A B, on which, using a as center, 
and w4th radius equal to 2J inches, describe the elevation of the 
sphere B C D E. Divide the quarter circle D C into as many 
spaces as the hemi -sphere is to have sections, as shown by C FG D. 
From these points draw horizontal lines through the elevation, as 
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shown hv C E, F 11, and Gr I, Now through the extreme jwiiita 
as E 11, II I, and I D draw lines intersecting the center line B A 
at J, K, and I) resjiectively. For tlie pattern for the tirst section 
Z, take D I aa radiiia, and using D' in Z' as center, describe the 
circle sliowii. For tlie jwttern for the second section Y, use K I 
and K II as radii, and with Iv' as center draw the arcs I' P and IP 




Fig. lU. 



IF. From any jwint as H' draw a line to the center Iv'. It now 
U'coiuea necessary to draw a section, from which the true length 
of the patterns can Iw obtained. Therefore with li F as radius, 
describe the quarter circle F L, which divide into e<]ual spaces, as 
shown by the lignivsl to 5. T.*t thedividei's Ik) equal to one of those 
spaei-s and stHrtiiig at IP on llie -nifi-r ii,-,' in V step off fonr times 
the amount i-ontuined in tlic (piarter section F L, as wliown from 1 
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to 5 to 1 to 5 to 1 ill v. Fi-oiu 1 or H' diaw a line to K'. Then 
will IV I' V IP lie the jwttein for thf set-lidii Y in elevation. 

For the jMttern for the third seetiaii. line J as center, ami with 
radii equal to .1 II ard J E dniw the ims II II' and E E'. Now- 
set the dividers eiiiial to one of the iijual spaees in 1-' L and starlinif 
fi-oin II set off four times tlie Hnioimtof L V as shown from 1 to o 
to 1 to 5 to 1 on the 'ini./' '■iirvr II li'. From the ajiex J throufrh ' 
II' draw a line intersecting the outer curve at E'. E E' II' II 
shows the pattern for thecenter section. It will Le noticed in the 
pattern X' we sjiace off on the inner curve, while on the |>attern 
Y' we spaceoflon tlie outer curve. These two curves must contain 
the same amount of material a^ 
they join together when th«b&ll is 
raised. To all of tin- patterns laps 
must be allowed for brazing or 
soldering. The patterns shown 
are in one piece; in practice where 
the sphere is large they aro made 
in a number of sections. pj,,^ H.-, 

In Fig. 115 is shown the per- 
spective view of a circular tank whose outline is in tlie form of 
an ogee. The portion for which the jmtterns will be descril>ed is 
indicated by A A, made in four sections, and liveted as shown 
by « S c <1. 

Fig. 116 shows how the pattern is developed when the center 
of the ogee is flaring as shown from 8 to 4 in elevation. First 
draw the elevation A B ( ■ I^, making tlie diameter of A E equal 
to 7 inches, the diameter of I) <5 4 inches, and the vertical height 
of the ogee 1| inches. Through the center of the elevation draw 
the center line/'/i, and with any point ujion it as /, draw the half 
plan through A B and C D in elevation aa shown resjiectively by 
E F and II G. Now divide the curved [)arts of the ogee into 
equal spaces as shown from 1 to 3 and 4 to 6. Draw aline through 
the flaring portion until it meets the center line/'/i at y, /' will, 
therefore, be the center with which to strike the jWttern, Take 
the stretchout of the curve from 3 to 1 and i to (» and jilace it on 
the rtaring line from 3 to 1' and 4 to 0' as shown by the Hgures. 
Then will 1' 0' Ihj tlieHtretchout forthei>gee. It should lie under- 
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stood that no hammering is done to that part shown from 3 to 4. 
The portion shown from 3 to 1' is stretched to meet the required 
profile 3 2 1, while the lower part 4 to 6' is raised to conform with 
the lower curve 4 5 6. Therefore, knowing that the points 3 and 4 
are fixed points, then from either of these, in this case point 4, 




Fig. 116. 

drop a vertical line intersecting the center line E F in plan at a. 
Then with i as center and i a as radius, describe the quarter circle a e^ 
and space it into equal parts as shown by a^ 5, r, d^ i\ which represent 
the measuring line in plan on the point 4 in elevation. Using / 
as center, and j 6', j 4, j 3 and^' 1' as radii, draw the arcs 1"-1'", 
3"-3'", 4"-4'" and ^"Xr as shown. From 1" draw a radial line to / 
intersecting all the arcs as shown. Now starting at 4" step oflF on 
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the arc 4"-4'" twice the stretchout of the quarter circle a e as shown 
by similar letters a to e to a' in pattern. From j draw a line 
through (I* intersecting all of the arcs as shown. l"-l"'-G'"-0" 
shows the half j)attern for the ogee. 

While in the previous 
problem the greater part of 
the ogee was flared, occasion 
may arise where the ogee is 
composed of two quarter cir- 
cles struck from centers as 
shown in Fig. 117. First 
draw the center line A IJ, 
then draw the half diameter 
of the top V> V equal to 3^ 
inches and the half diameter 
E D 1| inches. Make the 
vertical height of the ogee 1 J 
inches, through the center of 
which draw the horizontal line 
a h. From C and D draw ver- 
tical lines intersecting the 
horizontal line a J, at a and h 
respectively. Then using d 
and h as centers wnth radii 
ecjual respectively to a i) and 
i I) draw the quarter circles 
shown completing the ogee. 
In the quarter plan below 
which is struck from the cen- 
ter F, G J and II I are sec- 
tions respectively on D E and 
i) C In elevation. The meth- 
ods of obtaining the patterns in 
this case are slightly different 
than those employed in the previous problems. The upper curve 
shown from C to c will have to be stretched, w^hile the lower curve 
shown from c? to D wmU have to be raised. Therefore in the stretch- 
out of the pattern of the upper part from 1' to 3 and 3 to 5' the 
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tnlges iiiuHt bo stretched so as to obtain more material to allow the 
metal to increase in diameter and conform to the desired shajK^ 
shown from 1 to 3 and H to 5. In the lower curve the opposite 
method must be employed. AVluh^ in the up[)er curve the eilj^(»s 
had to be stretched to increase the diameters, in the lower curve 
the edges must be drawn in by means of raising, to decrease the 
diameter, because the diameters to the points 5" and W are greater 
than to points r and (J. 

To o])tain the pattern for the up|)er curve C r which must be 
stretched, draw a line from V to r\ l)isect it and obtain ^/, from 
which erect the perpendicular tl 3 intersecting the curve at 3. 
Through 8 draw a line parallel to (' r intersecting the center line 
A B at ///. Now divide the curve V r into ecjual spaces as shown 
from 1 to 5 and starting from the point 3 set off on the line just 
drawn on either side of 3 the stretchout shown from 3 to 1' and 3 
to 5'. 1' 5' shows the amount of material recjuired to form the 
curve Vj r. In this case 3 represents the stationary point of the 
blank on wliich the })attern will be measured. Therefore from 3 
drop a vertical line intersecting the line F II at 10. Then using 
F as center and F 10 as radius, describe the arc 10 10, and divide 
it into equal spaces as shown from 10 to K). Now with radii equal 
to vi 5', 7fi 3 and 9n 1\ Fig. 117, and with /// in Fig. 118 as cen- 
ter, describe the arcs 5 5', 3 3' and 1 1'. Draw the radial line ?/? 1 
intersecting the two inner arcs at 3 and 5. As the arc 3 3' repre- 
sents the stationary point 3 in elevation in Fig. 117, then set the 
dividers equal to the spaces 10 10 in plan and step off similar 
sj)aces in Fig. 118 on the arc 3 3', starting at 3 as shown by simi- 
lar numbers H) to 10. Through 10 draw a line to the apex 7>/, 
intersect in cr the inner curve at 5' and the outer curve at 1'. 
1 1' 5' i) is the quarter })attern for the upper curve or half of the 
ogee, to which laps must be allowed for riveting and brazing. 

For tlie pattern for the lower curve in elevation in Fig. 117 
draw a line from r to D; bisect it at r and from f' erect a perpen- 
dicular intersectincr the curve at 7. From 7 draw a horizontal line 
intersectincr the center line at t\ Now the rule to be followed in 
*•' raisin (T '' is as follows: Divide the distance from c to 7 into as 
many parts, as the half diameter F 7 is equal to inches. In this 
case 7 /'equals !2| inches; (any fraction uj) to the 1 inch is not 
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takiMi into consideration, but over ^ inch one is added). Therefore 
for 2| inches use 2. Then divide the distance from e to 7 into 
two parts as shown at / and through i parallel to r D draw a line 
as shown intersectintr the center line at N. Now divide the curve 
r to D into equal spaces as shown by the figures 5 to 9. Let off 
on either side of / the stretchout from 5 to 1) as shown from 5" to 
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® \ PATTERN FOR LOWER / ^ 
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\ I / 

\ I ^ 

A/ 
r\ 

Y\^. 118. 

0'. From / drop a vertical line intersecting F II in plan at 33. 
Then using F as center draw the arc 23 17 as shown, which rep- 
resents the measuring line in plan on / in the stretchout. 

The student may naturally ask, why is / taken as the measuring 
line in ])lan, when it is not a stationary point, for when ''raising" i 
will be bulged outward with the raising hammer until it meets 
the point 7. In bulging the metal outward, the surface at i 
stretches as much as the difference between the diameter at i and 
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7. In other words, if the measuring point were taken on 7 it 
would be found that after the mould was *' raised " the diameter 
would l)e too great. But by using the rule of dividing e 7 into as 
many parts as there are inches in /'7 the diameter will be accurate 
while this rule is but approximate. In this case c 7 has only been 
divided into two equal parts, leaving but one point in which a line 
would be drawn through parallel to r D. Let us suppose that the 
semi-dianjcter 7^/* is equal to eleven inches. Then the space from 

e to 7 would be divided into just so 
many parts, ^^/^Z thiuHujh the firnt jyart 
nearf'f<t the vove the line would be drawn 
parallel to c D and used as we have 
used /. Xow with radii equal to n 9', 
n /, and n 5" and n in Fig. 118 as center, 
describe the arcs 5" 5'" I /' and 9 9'. 
From any point as 5" draw a line to n 
intersecting all the arcs shown. Now 
take the stretchout from 17 to 23 in 
plan, Fig. 117, and starting from 17 in 
Fig. 118 mark off equivalent distances 
on the arc / /' as shown. Draw a line 
through )2ii to the apex ??, intersecting 
the inner and outer arcs at 9' and 5'". 
Then will 9 5" 5'" 9' be the greater pat- 
tern for the lower part of the ogee. 

Another case may arise where the 
center of the ogee is vertical as shown from v to d in Fig. 119 in 
A U. In this case the same principles are applied as in Fig. 117; 
the pattern for /• il in Fig. 119 being a straight strip as high as 
r d and in length equal to the quarter circumference v d' in plan 
in Fig. 117 which is the section on r' in elevation. These rules 
are applicable to any form of mould as shown in Fig. 119, by 
c^f^ //, and /. The l)ead / in / would be made in two pieces with 
a seam at /as shown by the dotted line, using the same method 
as explained in connection with r D in elevation in Fig. 117. 

The coppersmith has often occasion to lay out the patterns 
for curved elbows. AVhile the sheet metal worker lays them out 
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ill pieces, the coppersmith's work must form a curve as shown in 
Fig. 120 which i-epreseiits a curved tilliow of 45", 

In Fig. 121 is sLown how an elbow is laid out having 00', 
similar principles being required for any degree of ell)ow. First 
dmw the side elevation of the elliow as shown by A U C D, mak- 




ing the radius E J{ eqnal to 4i inches and the diameter B C 2 
inches. Bisect (' B at Iv. Then with E as center and E K as 
radius draw tliearc K J representing the seam at the sides. Draw 
the front view in its projier position as F (.i 11, through which 
draw the center line F I representing the aeaiii at back and front, 
thus making the elbow in four pieces. Directly below C B draw 
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the section of tlie elbow as shown by a h c <1 struck from M as 
center. Through M draw the diameters h d and a c. The inner 
curve of the elbow a d c \\\ plan will be stretched, while the outer 
curve (I hem plan will l)e raised. Through M draw the diagonal 
3 intersecting the circle at 8 and /' resj)ectively. Xow draw 
a d; tliroughr parallel to a d draw a line intersecting the center 




\ \ I / / 



IN / 



\ \ 1/ / 
\ 



\ I / 

'b 

Fig. 122. 

line A E extended at O. On either side of/' place the stretchout 
of () a and d as shown by /\^' andy r/'. Then with radii equal 
to O d,' and O a' and with O on the line A B, Fig. 122, as center 
describe the arcs d d and d a. Make the length of d d equal to 
the inner curve D in Fig. 121. From a and d, in Fig. 122 
draw lines to the apex O extending them to meet the outer curve 
at a and <i. Then will a d d a be the half pattern for the inner 
])ortion of the elbow for two sides. The radius for the pattern for 
the outer curve is shown in Fig. 121 by N c\ N J', placing the 
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atretchoHt of tlie curve on eitlier side of the jwint '■. li h •: c in Fig. 
122 shows the pattern for the outer curve, the length h h being 
obtained from A B in elevation in Fig. 121. 

In work of this kind the patterns are made a little longer, to 
allow for trimming after tlit. elbow is hi-azed together. Lap must 
Ite allowed on all [mttei'ns for brazing. 

Fig. 123 shows a pers[M:H^tive view of a brewing kettle, made 
in horizontal sections and riveted. The same principles which 
were employed for obtaining the patterns for a sphere in Fig. 114 
Ri-e applicable to this problem. Thus in Fig. 124, let A B (.' rep- 
resent a full section of a brewing kettle as required according to 
architect's design. Through the middle of the section draw the 
center line I) E. Now divide the 
half section B to C into as many parts 
as the kettle is to have pieces as 
shown by r, (/, ,',_/'. From these 
small letters draw horizontal lines 
through the section, as shown by 
<■ A. '/ '/', '• (•', and/',/" and in its 
|)ro|»tM' |Hwition l)elow the section, 
draw the ])lan views on each of these 
horizontal lines in elevation, excep- |.ig_ \-y^ 

ting (/' {I, as shown res|(ectively by 

I F G II, (■" ('■" and/"'/"", all struck from the center n. Now 
through the points c (/ draw a line which if extended would meet 
the center line. Then this intersection would Iw the center with 
which to draw the arcs c '■' and '/ </"; the tlange c h would be 
added to the [wttem as shown by h'. The stretchout for this j>at- 
teni 1' would be obtained from the curved line F G II I in plan 
and stepi>ed off on the outer arc ■:' <■'. In similar manner through 
d c, ef, and/' C draw the lines intersecting the center line D E 
at K, L. and C. Then using the points as center, describe the 
patterns 2', and 3', and the full eirele 4'. 

Tlie stretchout for the i)attern3 2' and ;t' is obtained from the 
circle c" i'" in plan and placed on the inner curve of the pattern 2', 
and on the outer curve of the pattern 3'. If desired the stretdiout 
could be taken from f" f" jn plnn, and placed on the inner curve 
of 8' which would make the pultern similar as l)efore. 
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In larf/e krttles of this kind, the length of the pattern is guided 
by the size of the sheets in stock, and if it was desired that each ring 
was to he made in S parts then the respective circle in plan from 
which the stretchout is taken would be divided into 8 parts, and 
one of these parts transferred to the patterns, to which laps must 
be allowed for seaming and riveting. 

I 
I 
FULL SECTION r-^^ ^ 

AjT |~j cte* — I^;;;;;;--^^^ 





Fi^r. 124. 

PROBLEMS FOR WORKERS IN HEAVY METAL. 

While all of the problems given in this course are ajjplicable to 
developments in heavy metal as well as in that of lighter gauge, the 
following problems relate to those forms made from boiler plate. 

AVhen using metal of heavier gauge than number 20, for pi|K*s, 
elbows, or any other work, it is necessary to have the exact inside 
dianjeter. It is customary in all iShopa working the heavier metal, 
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to add a certain amount to the stretchout to make up for tlie loss 
incurred in l>endini£, in order that the inside diameter of the article 
(pij)e, stack, or boiler shell) may be kept to a uniform and desired 
size. This amount varies according to different practice of work- 
men, some of whom allow 7 times the thickness of the metal used, 
while others add but 3 times the thickness. Theoretically the 
amount is 3.1410 times the thickness of the metal. 

For examj)le, suppose a boiler shell or stack is to be made -48 
inches in diameter out of J-inch thick metal. If this shell is to 
measure 48 inches on the inside, add the thickness of the metal, 
which is J inch, making 48J inches. Multiply this by 3.1410 
and the result will be the width of the sheet. If, on the other 
hand, the outside diameter is to measure 48 inches, subti*act tlie 
thickness of the metal, which would give 47i inches and multi- 
ply that by 3.1410 which would give the proper width of the sheet. 
It is well to rememl)er that no matter what the thickness of the 
plate may be, if it is not added, the diameter of the finished article 
will not be large enough; for where no account is taken of the 
thickness of the metal, the diameter will measure from the center 
of the thickness of the sheet. While this rule is theoretically cor- 
rect there is always a certain amount of material lost during the 
forming oj)erations. It is, therefore, considered the best practice to 
use seven times the thickness of the metal in question. The cir- 
cumference for a stack 48 inches in diameter inside using i inch 
metal would be, on this principle, 8.1410 X 48 + (7 X A) to which 
laps would have to be allowed for riveting. Where the stack has 
both diameters e(jualabutt joint is usually employed with a collar 
as shown at either a or h in Fig. 125, but where one end of the stack 
is to fit into the other, a tapering pattern must be obtained which 
will be described as we proceed. 

In putting up large boiler stacks it is usual to linish at the 
top with a moulded cap, and \<'hile the method of obtaining the j>at- 
ternsis similar to parallel line developtnents, the method of devel- 
o])ing such a pattern will be given showing how the holes are 
punched for a butt joint. 

In Fig. 120 a view of the moulded cap on a stack is shown. 
On a large size stack the caj) is often divided into as many as 32 
pieces. If the stack is to be made in horizontal sections the rules 
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fjivt'ii ill the problems on copjiersini tiling »|>l>ly- Wliilts in oWtHiii- 
iiifj tlie jiHttenia for a OHp in vertii-al sections, tlie jiIhii is usually 
divided into l(i to 82 sides, at-cordiiiir to tlie size of the stack; we 
have shown in Fig. 127aqnarterplan sospaa-d as to^ive 8 sides to 
the full eiivle. Tliis has lieen done to make each step distinct, tlie 
same principles In-in^ applied no matter how many sides the plan has. 



Fig. 125. 

First draw the eenter line A IJ and with any point as (' with 
radins ecpial to 4J inelies draw the quadrant I> K. Xuw tangent to 
D and E, draw the line I> V and K (), and at an angle of 45 , tan- 
gent to tlie curve at V, draw (i F intersecting the previous lines 
drawn at (i and !■". (' 1) F(i E shows the plan view <if tliee.xtreme 
outline of the cap. Directly alxjve the jdan draw a half section of 
the cap, the curve ij 8 lieing struck from A as center and with a radius 
equal to /' S or !■] inches. Then us- 
ing the same radius with n as center 
descrilw the quarter circle 5 2. Make 
'2 1 equal to ^ inch, and S ',) one iucli. 
Frcnn the corners F and G in plan 
draw the miter lines F C, C (J. 
Divide the profile of the cap into 
equal spaces as shown hy the tigures 
1 to !1, from which drop vertical 
lines, intersectingthe miter line F (' 
as shown. On (' DextendedasC K 
place the stivtchout of the profile of 
,,. " the cap as shown hy similar nnnihers. 

.Vt right angles to D II draw lines 
as shown, and intersect them hy lines drawn ])arallel to i) 11 from 
the inters,H-tions on <: F. Tiwe a line through points ihns ohtaine.1 
MS shown hy J I and trace this outliin' on the oni.osile siile of the 
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line D H as shown by J' I'. Then will JIT J^ be the complete 
pattern for one side. 

When rivetintr these pieces together an angle is usually ])laced 
on the inside and the miters butt sharp..filing the corners to make 
a neat fit. This being the case the holes are ])unched in the pat- 
tern before bending as shown l)y XXX etc. Assuming that the 
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stack on which the cap is to fit is 48 inches in diameter, obtain 
the circumference as j^reviously explained and divide by 8 (be- 
cause the j)lan is com])osed of 8 pieces) ])lacing one-half of the dis- 
tance on either side of the center line I) II in pattern. Assuming 
that j>g of the circumference is equal to 9 c^, trace from e the en- 
tire miter cut, as partly shown by (^. I to the line V I. If the Jg 
circumference were ecjual to 1) ^/, the cut would then be traced as 
shown in part l)y <l It until it met the line T I'. This, of course, 
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w<nil(! lif dom- oil till* half jwiltBrn !' J I I Wfore tracing it opposite 
thu cell Ut line I) II, Should tlio ])Ian l>e divided into ;f3 parts, 
divide IlicciR-uiiifereiice of llie slack by 82 and jiIhco ^'^ of the cir- 
cmufereiKV on i) J in jHittern, iiieasiiriug from the center line D II. 
and after obtaining the jM-ojierciit, trace opjKisite the line 1) II. 

In constrncting a stack where each joint taperu and lits inside 
of the otlier, as shown in Fig. ViH, a short rnle is employed for 
ol)taining the taj^r joints withont having recourse to the center. 
In the ilhistratioii (/ A re])reserits the lirst ."joint, tlie second <,' sliji- 



ping over it witli a lap eqnal toy", the joint l>eing riveti^d togetlier 
at V and (/. AV'licii drawing tlie lirst tajwsr joint " //, care iiinst Ik^ 
taken to have tiic diameter at_/'on the outside, equal to the inside 
diameter at the bottom at /*. This allows the second joint to slip 
over a certain distance so that when the holes are punched in the 
sheets before rolling, the holes will tit over one another after the 
pipe is rolled. 

In Fig 1211 a h c il is a tajwr joint drawn on the line of its 
inside diameter, as explaintnl in Fig, 1-^,/i and <■ in Fig 12',l rep- 
resents respectively the half sections on n !• and '/ '-. Uy the short 
rule the radial lines of the cone are produced without having 
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rwourse to the Hj)ex, which, if ()l)tHined in the full-size drawings, 
would be 80 far away as to render its use ini practicable. A method 
similar to the following is used for obtaining the ares for the pattern 
in all cases where the taper is so slight as to render the use of a 
common apex impracticable. 

Let a h a (7, Fig. 180, be a re])roduction of a b c d in Fig. 129. 
On either side of a d and h r, in Fig. 130, place duplicates of 
a f;cd*ds shown by i' c and </' d\ This can be done most accurately 
by using the diagonals ff h and c a as radii, and with d and c as 
centers describe the arcs h // and a (t' respectively, and intersect 




Fig. 130, 

them by arcs struck from (( and h as centeis, with radii equal 
respectively to (i h and h a as shown. In precisely the same manner 
obtain the intersection v' and d' at the bottom. Kow through the 
intersections V a h ((' and d' c d c draw the curve as shown by bend- 
ing the straight-edge or any straight strip of wood placed on edge 
and brought against the various intersections, extending the curves 
at the ends and top and bottom indefinitely. Since the circumfer- 
ence of the circle is more than three times the diameter, and as we 
only have three times the diameter as shown from c to d' and 
V to ((\ then multiply .141(3 times the bottom and top diameter d c 
and a h respectively, and place one-half of the amount on either side 
of the bottom and top curves as shown by e^ e\ and //, li . Now take 
one-half of s^veu times the thickness of the metal in use and place 
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it on either side on the bottom and top curves as shown hy ,/,./" and 
7, -/', and draw a line fixitii / to_/'and /" to_/". To this lafi must be 
allowed for riveting. The desirt'd pattern is shown by 7 i' f f- 

Fig, liil sliowa a three-pieced elbow made from heavy metal, 
the two end ])it'ees tilting into the center pieces, to which laps an' 
allowed for riveting. The princijilcs which ehall Ije explained to 
cut these patterns and make the necesMarj' allowance for any thick- 
ness of metal isapplicable to any elbow. 

In Fig. 182 draw as previonsly described the elbow A B C, 
below (1 11 draw the section of tlie inside diameter as D which is 
struck from <i, and divide into e<jiial s|)aces as shown by the figures 
1 tu 5 on both sides. Through these figures draw vertical lines 
intersecting the miter line h i; and from 
these intersections parallel to c <1 draw 
lines intersecting the line // <- as shown. 
Before obtaining the stretchout for 
these eiliows, a preliminary drawing 
must he cuLiiitructed, in which an allow- 
mice \& made for the thickness of the 
nniterial that is tti be used. This draw- 
ing makes practicnl use of a jn'incijile 
,,. ^ .„, well known to draughtsmen from its 

application to the pro|>ortional division 
of lines and is clearly shown at (K|. In allowing for the thick- 
ness of the metal in use, it is evident that we cannot allow it at one 
end, but must distribute it uniformly througliont the jiattern. In 
(Rj draw any horizontal line as K 1'', ujwn which place the stretch- 
out of the inside diameter of the jiijie 1), as shown by similar 
figures on K !■', From 1" on K F lay off the distance 1** m equal 
to 7 times the thickness of the metal in use as before explaintnl. 
Then using K as center and E m as radius, draw the arc w 1' inter- 
secting the vertical line drawn from 1", and from the various 
intersections from 1 to I*' on K F erect jterpendiculars intersecting 
the shuit line 1 1' at 2' 3' 4', etc., as shown. The slant line 1 1, 
with the various intersections is now the correct stretchout for the 
elbow made of such heavy material called for by thes]>ecificationR. 
On G II extended, as 11 I, place the stretchout of the slant line 
1 1' as shown from 1 to 1' on IL I. At right angles to H I and 
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from the various intersections, ereet lines, which are intersected 
by lines draM^i parallel to II I from similar numbered intersec- 
tions on the miter line h r. Trace the curve L M. L ^[ T II shows 
the pattern for the two end pieces of the elbow. 

As the middle section A in Fitr. 131 is to overlap the two end 
pieces, it is unnecessary to allow for any additional thickness on 




Fig. 132. 

account of this lap when suitable flanging machines are available; 
but since it is desirable, in some instances, to make an allowance 
in the pattern for riveting, the method of allowing for this lap 
will be explained. 

In (R), Fig. 132, lay off on the line E F the distance Qri n 
equal to 7 times the thickness of the metal in use, and with radius 
equal to E ti draw- an arc intersecting the line l'^ 1' extended at 1". 
Draw the slant line from 1" to 1 and extend all the vertical lines 
to intersect 1 1" at 2" 3" J-", etc. The slant line 1 1" is the cor- 
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rect stretoliout for tlie middle section B. At right angles to d e. 
draw J K equd to 1 5" 1" in (R), as shown by similar figures in 
J K, through which draw lines at right angles to J K, and inter- 
sect them l)y lines drawn at right angles to d o as shown. Trace 
the curved lines to produce () P R S, which is the pattern for the 

middle section, to which flanges are al- 
lowed as shown by dotte<l lines. 

The ])erspective of an intersection 
between pipes having different diam- 
eters in boiler work is snown in Fijj. 
133. While the method of obtainincr 
the patterns is similar in principle to 

parallel line developments, a slight 
Fig. 133. ^ ... 

change is required in obtaining the 

allowance in the stretchout for the thickness of the metal in use. 

Let A B, Fig. 134, represent the part section of a boiler struck 

with a radius equal to 3|" and let 1 7 7° 1° be the elevation of the 

intersecting pipe, whose inside diameter is 4|", as*shown by 1 7. 




3 -?^ 5 

2/ INSIDE y 
/ DIAMETER '\ 



% 




El i l\ 

Fig. I'H. 

Divide the half section 14 7 into an ecpial number of spaces, as 
numbered, from which drop vertical lines intersecting the outside 
line of the boiler at V to 7' as shown. A true stretchout must now 
be obtained in which allowance has been made for the thickness 
of the metal in use. Therefore, in Fig. 135, on the horizontal 
line A B lay off the stretchout of twice the inside section of 
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the pi|K*' in Ficr. 1:]4, as sliown by similar fio;iires on A ]> in Fitr. 
135, adcliiitr 1^ o^ tMjiial to 7 times the thickness of tlie metal in 
use. For example, supposing j^-inch steel was used; the distance 
1^^/ would then be ecjual to 7 X |, or 1*J inches. Now draw the arc 
(( 1', usincT 1 as center, which is intersected bv the vertical line drawn 
from 1^. From 1' draw a line to 1, and from the various points 
on A B erect j)erpendiculars intersecting 1 1' at 2' 'iV 4', etc. 1 1' 
shows the true stretchout to be be laid off on the line 1 7 extended 
in Fig. 134: as 1 1', and froui the various intersections on 1 1' drop 
vertical lines and intersect them bylines drawn parallel to 1 1' from 
similar intersections on the curve 1' 7' as shown. Trace a curved 
line as shown from (• to D. 1 V, I) 1' shows the pattern for tlie 
vertical pipe to which a flange must be allowed for riveting as 
shown by the dotted line. 

It is now necessary to obtain the pattern for the shape to be 
cut out of the boiler sheet, to admit the miterincr of the vertical 
pipe. In some shops the pattern is not develo[)ed, only the vertical 
pipe is flanged, as shown in Fig. 133, then set in its proj)er posi- 
tion on the boiler and line marked alon^r the inside diameter of the 
pipe, the ])ipe is then removed and the opening cut into the boiler 
with a chisel. AVe give, however, the geometrical rule for obtain- 
ing the pattern, and either method can be us(h1. 

As A IJ in Fig. 134 represents the outside diameter of the 
boiler, to which 7 times the thickness of the metal used must be 
added to the circumference in laying out the sheet, and as the ver- 
tical pipe intersects one-quarter of the section as shown by a h c, 
take the stretchout from 1 to 7" and place it from 1 ' to 7*^ on 
F G in (E), to which add 7^ r, ecjual to [ of 7 times the thick- 
ness of the plate used. Draw the arc <' 7", using 1^ as center, 
intersecting it by the vertical line drawn from 7 '. Erect the usual 
vei^ical lines and draw 7" 1', which is the desired stretchout. .Xow 
place this stretchout on the line A B in Fig. 13(5, erecting vertical 
lines as shown. Measurini; in each and every instance from the 
line 1 7 in Fig. 131, take the various distances to points 2, 3, 4, 5, 
and and place them in Fig. 136 on lines having similar numbers, 
measuring/ in each instance from A B on either side, thus obtain- 
ing the points 2, 3, 4, 5, and (5. Trace the curve 1 4 7" 4, which 
is the desired shape. 
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P'itr. 187 sliowri a |>erspective of a trusset slieet A on a loco- 
motive, the metliod of obtaining tliis pattern in heavy metal is 
shown in Fig. 188. First draw the end view A 1> (', the S(Miii- 
circle 4 14 being struck from <f as center with a radius ecjual to 2 




.V\\r. l.T). 

inches. Make the distance 4: to C and 4 to V) hotli 8'| inches and 
draw (' E. Draw the center line A F, on wliich line measure up 
2J^ inches and obtain J, which use as center with radins equal to a 
4, draw the section of the boiler 1) E F (t. In its proper position 
draw the side view II I J K L M X. U I L M N II shows the 
side view of the gusset shet^t shown in end view by (t A E D (i. 
Divide the semicircle 4 1 4 in end view into ecjual spaces as 
shown, from whicli draw horizontal lines intersecting II N in side 
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view from 1' to 4'. From these intersix'tions ])arallel to II I, 
draw lines indefinitely intersectin<x I L from 1" to 4". At ricrht 
angles to N L ])roduced draw the line at r (K on which a true 
section must be ol)tained at right angles to the line of the gusset 
sheet. Measuring from the line A D in end view, take the vari- 
ous distances to ])oints 2, 8, and 4 and ])lace them on correspond- 
ing lines measuring from the line v d on either side, thus obtaining 
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the Tntersections 1° to 4°, a line traced through these points will 
be the true section. In (Y) on any line as O P lay off the stretch- 
out of the true section as shown from 4°, 1°, 4°. As the gusset 
sheet only covers a portion equal to a half circle, add the distance 
4° e equal to ^ of 7 times the thickness of the metal in use and 




Fig. 138. 

using 4' at the left, as center with 4° e as radius, describe the arc 
t 4^, intersecting it at 4^ by the vertical line drawn from 4^^. From 
O P erect vertical lines intersecting the line drawn from 4^ to 4t 
at 3^, 2^, 1^, etc. 4^ 4^ is the true stretchout, and should be 
placed on the line R S drawn at right angles to H I. Through 
the numbers on K S and at right angles draw the lines shown 
and intersect them by lines drawn from similarly numbered inter- 
sections on 11 N and I L at right angles to II I. Through points 
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thus obtained trace a curved line 4:^, 4^, and 4^', 4^\ It now be- 
comes necessary to add the triangular piece shown by L M N in 
side view, to the pattern which can be done as follows: Using L M 
in side view as radius and 4^ at either end of the'pattern as cen- 
ters, descri])e the arcs 7// and //; intersect them by arcs struck from 
4^ and 4^ as centers, and M N in side view as radius. Then draw 
lines from 4"^ to hi to 4^ in the pattern on either side. The full pat- 
tern shape for the gusset sheet will then be shown by 'i/i 4^ 4^ m 
4^ 4^, to which laps must be allowed for riveting. 

Fig. 139 shows a conical j)iece connecting two boilers with 
the flare of A such that the radial lines can be used in developing 
the pattern. In all such cases this method should be used in pref- 
erence to that given in connection WMth Fig. 130. Thus in Fig. 
139 the centers of the two boilers are on one line as shown by a h. 
While the pattern is developed the same as in flaring work, the 
method of allowing for the metal used is shown in Fig. 140. 

A B C 1) is the elevation 

P^°^ ^^ ^^ ^ai^^M. ^^^ ^'^® conical piece, the half 

inside section being shown 
by 1 4 7 which is divided 
feJ^Hl^^^^^^"^^^^^ into equal spaces. 1 7 1 in 

Fig. 139. (E) is the full stretchout of 

the inside section A 4 D in 
elevation, and 1 ^ms equal to 7 times the thickness of the metal 
used. The line 1 1' is then obtained in the usual manner as are 
the various intersections 2' 3' 4', etc. Now extend the lines A B 
and D C in elevation until they meet the center line a h at a. 
Then using a c and a d draw the arcs 1' 7' and 1" 7". From 1' 
draw a radial line to if^ intersecting the inner arc at 1". Kow set 
the dividers equal to the spaces on 1 1' in (E) and starting from 1' 
in the pattern step off 6 spaces and draw a line from 7' to<^/ inter- 
secting the inner arc at 7". 1' 7' 1" 7" shows the half pattern to 
which flanges must be allowed for riveting. 

Fig. 141 shows a view of a scroll sign, generally made of 
heavy steel, heavy copper, or heavy brass. 8o far as the sign is 
concerned it is simply a matter of designing, but what shall be 
given attention here is the manner of obtaining the pattern and 
elevation of the scroll. As these scrolls are usually rolled up in 
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form of a spiral, the method of drawing the spiral will first 
be shown. 

Establish a center point as a' in Fig. 142, and with the desired 
radius describe tlie circle shown, which divide into a polygon of 



. _ _ _ __^-^3jr a ' 




Fif,'. 140. 

any number of sides, in this case being (> sides or a hexagon. 
The more sides the polygon has, the nearer to a true spiral will 
the figure be. Therefore number the corners of the liexagon 1 to 
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Fig. 141. 




5 and draw out each side indefinitely as 1 a^ 2 i, 3 c, 4 r/, 5 ^, and 
6y*. Now using 2 as center and 2 1 as radius, describe the arc 
1 A; then using 3 as center and 3 A as radius, describe the arc 
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A B, and proceed in similar manner using as radii 4 B, 5 C, 6 D, 
and 1 E, until the part of the spiral shown has been drawn. Then 
using the same centers as before continue until the desired spiral is 
obtained, the following curves running parallel to those first drawn. 
The size of the polygon (i\ determines the size of the spiral. 

In Fig. 143 let A B (^ D represent the elevation of one corner 
of the flag sign shown in Fig. 141. In its pro|)er position in Fig. 
143 draw a section of the scroll through its center line in elevation 
as shown by a 17 to 1, which divide into equal spaces as shown 
from 1 to IT. Supposing the scroll is to be made of J inch thick 



Pig. 142. 

metal, and as the spiral makes two revolutions then multiply \ 
by 14, which would equal 1| inches. Then on E F in Fig 144 
place the stretchout of the spiral in Fig. 143, as shown by similar 
numbers, to which add 17 E equal to 14 times the thickness of 
metal in use, and draw the arc E 17' in the usual manner and 
obtain the true stretchout with the various intersections as shown. 
Through the elevation of the corner scroll in Fig. 143 draw the 
center line E F, upon which place the stretchout of 17' E, Fig. 
144, as shown by similar numbers on EF in Fig. 143. At right 
angles toE F, through land 17', draw 17° 17" equal to AB and V P 
equal to the desired width of the scroll at that point. Then at 
pleasure draw the curve 1'^ 17"^ on either side, using the straight- 
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edge and bending it as required. Then will I'' 1^ 17^ 17'' be the 
pattern for the scroll using heavy metal. 

If it is desired to know how this scroll will look when rolled 
up, then at right angles to E F and through the intersections 1' to 
17' draw lines intersecting the curves of the pattern 1^-17'' on 
both sides. From these intersections, shown on one side only, 
drop lines intersecting similar numbered lines, drawn from the 
intersections in the profile of the scroll in section parallel to A B. 
To avoid a confusion of lines the points 1^, 3^, 5^, 7^, 10^, 12^, 
:.nd 17^ have only been intersected. A line traced through points 
thus obtained as shown from 1^ to 17^ in elevation gives* the pro- 
jections at the ends of the scroll when rolled up. 
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EXAMINATION PAPER 

Plates III to V, inclusive, constitute the 
Examination for this Instruction Paper. Plates 
IV and V are drawn by the student himself, 
and therefore no reproduced plates are sent. 
The date, student's name and address, and the 
plate number should be lettered on each plate 
in inclined Gothic capitals. 
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EXAMINATION PLATES. 



PLATE III. 



In this plate a set of pipe fittings is shown which should be 
drawn by the student carefully according to the measurements 
which will be given. If necessary, copy it before sending for 
examination and correction. This plate should be laid out the 
same size as previous plates and the border lines drawn as before. 
There are five fittings shown which will require six patterns. 
Reproduced plates of the patterns are not sent to the student; he 
should work out the problems for himself according to directions 
given. First draw in Plate III the rectangular section A B C D, 
making it 1| X 2| inches, with the line A B ^-inch below the 
margin line, and A B ^-inch to the right of the margin line. Now 
with a in the section as center and with radius equal to §-inch draw 
the circle G II IJ so that I will be tangent at D C and G I be central 
in the section. Then A B C D will be the true section on E F, 
while G II I J shows the section on the line K L. Draw E F one- 
quarter inch from the line B C, and at right angles to E F, draw 
F L equal to 2i inches and from L erect the line L K 1^ inches 
or equal to the height of the circle I G in section. Draw' the line 
K E. E F L K represents the side elevation of a transition piece 
whose base is rectangular and whose top is round, as shown in the 
section. The dotted lines in section and elevations show how the 
figure is divided into sections of scalene cones, necessary when 
developing the j)atterns. Now extend the line K L as K 4 and 
with radius equal to IJ inches draw the quadrant L M from h as 
center. Then using b again as center with ^ K as radius draw the 
outer arc K N, intersecting the horizontal line draw^n from h. 
Draw the 3 -piece elbow, whose section is shown by G II I J, as 
explained in connection with Fig. 42, Part I. Draw the center 
dotted line through the elbow and from u on the horizonal line 
N extended lay off a distance equtii to one inch as V^. From V^' 
measure down on a vertical line a distance equal to 4| inches, to 
the point v\ Using w as center with a radius equal to IJ inches 
describe the circle li S T. From lo on the vertical line measure 
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up a distance of 1| inches to .r and through x draw the liorizontal 
line O P, making x O and ,r P each 1^ inches. From O and P 
drop vertical lines intersecting the circle at S and R. Draw 
M P and N (), forming the transition piece W, which connects 
round pipes with diameters equal to M X and P () respectively. 
X shows the side elevation of the collar connecting the main pipe 
R S T with the transition piece W. 

A front elevation of the fittinixs should he drawn as follows: 
Draw the center dotted vertical line r<1 2J5 inches to the left of the 
margin line, and from the various intersections in the side eleva- 
tion draw the dotted lines shown. Draw a broken view of the 
main pipe Y, | inch from the margin line, and making both sides 
equal distance from the center line. Draw the intersection between 
the collar and main ])ipe as shown by / S^' /', drawing a curved 
line throngh these points. P^' O^ and M^^ X^ represent the same 
diameters as I* () and M X in side elevation. They are measured 
on either side of the center line r d in front elevation. //' /' //'/"' 
is a front elevation throuirh c f h in side view, while L* K' is a true 
section on K L. A^ IlV C* D' is equal to ABO D in section. 
Draw dotted lines showintr the transition from the rectanorular sec- 
tion to round as given in the front elevation. When this has l)een 
done Plate III is completed. 

W^e have now five fittings for which the patterns must be 
devel()]>ed, and for which no reproduced plates are sent. The 
student should follow the rules given in previous problems. 

PLATE IV. 

The patterns for the transition piece U and the J^pieced elbow 
V constitute Plate IV. 

To obtain the patterns for the transition piece U, use the de- 
scription given in connection with Figs. 14 and 15, but layoff the 
diagram of triangles similar to the directions given in connection 
with Figs. 78 to 81. The patterns for the 8-pieced elbow V should 
be developed as described in conntx^tion with Figs. 4f> and 47. 
These two prol)lems V and V should be carefully laid out on sim- 
ilar sized j)late as previously used. Care should be taken not to 
allow any of the patterns to C(mie within ^ inch of the margin line 
and ])lace the patterns in such positions to make a neat apj)ear»,nce. 
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PLATE V. 

The patterns of W and X, totrether with the pattern for the 
opening in Y, constitute this plate. 

To obtain the pattern for the transition piece W, use tlie rule 
described in connection with Ficrs. 11 to 18, and for the pattern X 
use rules described in connection with Figs. 138 and 134. In this 
case we make no allowance for the thickness of the metal as shown 
in those figures, but assume that we are using ordinary gauge 
metal. For tlie pattern for the oj)ening in the main pipe Y use 
rules given in connection with Figs. 18-1: and 180, and also omit 
allowing for heavy material. 

EXAMINATION PLATES. 

Plates III to V, inclusive, constitute the Examination for this 
Instruction Paj)er. As above mentioned, Plates IV and V are 
drawn by the student himself, and therefore no reproduced ])lates 
are sent. The date, student's name and address, and the plate 
number should l)e lettered on each plate in inclined Gothic capitals. 
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SKYUGHT WORK * 

The upper illustration shows the layout of a flat pitched skylight whose 
curb measures 6' — 0" X 7' — 6", the run of the rafter or length of the glass being 
6' O'' on a horizontal line. Five bars are required, making the glass 15 inches 
wide A working section through AB and CD is shown below. 

It will be noticed in the section through AB that the flashing is locked to 
the roofing and flanged around the inside of the angle iron construction; over 
this the curb of the skylight rests, bolted through the angle iron as shown, the 
bolt being capped and soldered to avoid leakage. 

The same construction is used in the section through CI), with the excep- 
tion, that when the flashing cannot be made in one piece, a cross lock is placed 
in the manner indicated, over the fireproof blocks. 



* The illwitration referred to will be found on the back of this pae^e. 
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PART III 

SKYLIGHT WORK 

Where formerly skylights were constructed from wrought iron 
or wood, to-day in all the large cities they are being made of galvanized 
sheet iron and copper. Sheet metal skylights, having by their peculiar 
construction lightness and strength, are superior to iron and wooden 
lights; superior to iron lights, inasmuch as there is hardly any expan- 
sion or contraction of the metal to cause leaks or breakage of glass; and 
superior to wooden lights, because tliey are fire, water and condensa- 
tion-proof, and being less clumsy, admit more light. 

The small body of metal used in the construction of the bar and 
curb and the provisions which can be made to carry off the inside con- 
densation, make sheet metal skylights superior to all others constructed 
from different material. 

CONSTRUCTION 

The construction of a sheet metal skylight is a very simple matter, 
.if the patterns for the various 
intersections are properly devel- 
oped. For example, the bar 
shown in Fig. 145 consists of a 
piece of sheet metal ha\Ting the 
required stretchout and length, 
and bent by special machinery, 
or on the regular cornice brake, 
into the shape shown, which rep- 
resents strength and rigidity with 
the least amount of weight. A A 
represent the condensation gut- 
ters to receive the condensation 





Fig. 145. 



Fig. 146. 



from the inside when the warm air strikes against the cold surface of 
the glass, while B B show the rabbets or glass-rest for the glass. 

In Fig. 146 C C is a re-enforcing strip, which is used to hold the 
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two walls O O together and impart to it great rigidity. When skylight 
bars are required to bridge long spans, an internal core is made of 
sheet metal and placed as shown at A in Fig. 147, which adds to its 
weight-sustaining power. In this figure B B shows the glass laid on 

a bed of putty wHith the metal cap 
C C C, resting snugly against the 
glass, fastened in position by the 
rivet or bolt D D. WTiere a very 
large span is to be bridged a bar 
^ similar to that shown in Fig. 148 is 
used. A heavy core plate A made 
of }-inch thick metal is used, riveted 
or bolted to the bar at B and B. In 
construction, all the various bars 
terminate at the curb shown at A B 
C in Fig. 149, which is fastened to 
Fig. 147. ^Y^Q wooden frame D E. 

The condensation gutters C C in the bar 6, carry the water into 

the internal gutter in the curb at a, thence to the outside through holes 

provided for this purpose at F F. In Fig. 150 is shown a sectional 

view of the construction of a double-pitched 

skylight. A shows the ridge bar with a core in 

the center and cap attached over the glass. B 

shows the cross bar or clip which is used in 

large skylights where it is impossible to get the 

glass in one length, and where the glass must 

be protected and leakage prevented by means 

of the cross bar, the gutter of which conducts 

the water into the gutter of the main bar, 

thence outside the curb as before explained. 

C is the frame generally made of wood or angle 

iron and covered by the metal roofer with flash- „. 

. Fig. 148. 

ing as shown at F. D shows the skylight bar 

with core showing the glass and cap in position. E is the metal curb 

against which the bars terminate, the condensation being let out 

through the holes shown. 

In constructing pitched skylights having double pitch, or being 

hipped, the pitch is usually one-third. In other words it is one-third 
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of the span. If a skylight were 12 feet wirie and one-third pitch were 
required, the rise in the center would be one-third of 12, or 4 feet. 
When a flat skylight is made the 
pitch is usually buih in the wood 
or iron frame and a flat skyhght 
laid over it. The glass used in 
the construction of metallic sky- 
lights is usually J-inch rough or 
tibbed glass; but in some cases 
heavier glass is used. 

If for any reason it is desired 
to know the weight of the various 
thickness of glass, tlie following 
table will prove valuable. 
Weight of Rough Qhtss Per 
Square Foot. 
Thickness in inches. 

1- -3, 1 3 I 5 3 1 

S- IB- 4- 8- J' S' 4' '■ >.N!k'0^~T:;>p f-< — 

Weight in ]»ounds. p. ,,„ 

2. 2.1. 3i. 5. 7. H\. 10. 12i. *' " 
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SHOP TOOLS 

III the smaller shoj)s the bars are cut with the hand shears and 
formed up on the ordinary cornice brake. In the larger shops, the 
strips required for the bars or curbs are cut on the large squaring 
shears, and the miters on the ends of these strips are cut on what is 
known as a miter cutter. This machine consists of eight foot presses 
on a single table, each press having a different set of dies for the purpose 
of cutting the various miters on the various bars. The bars are then 
formed on what is known as a Drop PVess in which the bar can be 
formed in two operations to the length of 10 feet. 

METHOD EMPLOYED IN OBTAINING THE PATTERNS 

The method to be employed in developing the patterns for the 
various skylights is by parallel lines. If, however, a dome, a)nserva- 
tory or circular skylight is required, the blanks for the various curbs, 
bars, and ventilators, are laid out by the rule given in Sheet Metal 
Work, Part IV, under "Circular Work". 

VARIOUS SHAPES OF BARS 

In addition to the shapes of bars shown in Figs. 145 to 148 in- 
clusive, there is shown in Fig. 151 a plain bar without any condensation 
gutters, the joint being at A. B B represents the glass resting on the 
rabbets of the bar, while C shows another form of cap which covers 
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Fig. 152. Fig. 153. 

the joint between the bar and glass. Fig. 152 gives another form of 
bar in which the a^ndensation gutters and bar are formed from one 
piece of metal with a locked hidden seam at A. Fig. 153 shows a bar 
on which no putty is required when glazing. It will be noticed that 
it is bent from one piece of metal with the seam at A, the glass B B 
resting on the combination rabbets and gutters C C. D is the cap 
which is fastened by means of the cleat E. These cleats are cut alx)ut 
i-inch wide from soft 14-oz. copper, and riveted to the top of the bar 
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at F; then a slot is cut into the cap D as shown from a to fe in Fig. 154; 
then the cap is pressed firmly onto the glass and the cleat E turned 
down which holds the cap in position. 

When a skylight is constructed in which raising sashes are re- 
quired, as shown in Fig. 155, half bars are required at the sides A and 
B, while the bars on each side of the sash to be 
raised are so constructed that a water-tight joint 
is obtained when closed. This is shown in Fig. 
156, which is an enlarged section through A B in 
Fig. 155. Thus in Fig. 156, A A represents the 
two half bars with condensation gutters as shown, 
the locked seam taking place at B B. C C repre- 
sent the two half bars for the raising sash with the caps D D attach- 
ed to same, as shown, so that when the sash C C is closed, the caps 




Fig. 154. 




Fig. 155. 

D D cover the jomt between the glass E E and the stationary half 
bars. F F are the half caps soldered at a a to the bars C C whicli 
protect the joints between the glass H H and the bars C C. 

VARIOUS SHAPES OF CURBS 

In Figs. 157, 158 and 159 
are shown a few shapes of curbs 
which are used in connection 
with flat skylights. A in Fig. 
157 shows the curb for the three 
sides of a flat skylight, formed in 
one piece with a joint at B, while 




Fig. 156. 



C shows the cap, fastened as previously described. "A" shows the 
height at the lower end of the curb, which is made as high as the 
glass is thick and allows the water to run over. In Fig. 158, A is 
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another form of skylight formed in one piece and riveted at B; 
a shows the height at the lower end. In the previous figures the frame 
OD which the metal curb rests is of wooii, while in Fit;. 1-^9 tl'e frame is 
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of angle iron sliown at A. In this case the curb is slightly changed 
as shown at B; twnt in one piece, and riveted at C. In Figs. 160, 161, 
and l(i2 are shown various shape.s of cui'bs for pitched skylights in 
addition to that shown in Fig. 149. A in Fig. 1(10 shows a curb formed 
in onp piece fnim a to /» with a condeasjition hole or tube shown at B. 
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In Fig. Itil is shown a slightly modified sha|>e A, with an offset to 
rest on the curb at B. Hlien a skylight is to l>e placed over an opening 
whose walls are brick, a gutter is usually placed around the wall, as 



SHEET :\IETAL WORK 



139 



shown in Fig. 162, in which A represents a section of the wall on which 
Q, gutter, B, is. hung, formed from one piece of metal, as shown from a 
to 6 to c. On top of this the metal curb C is soldered, which is also 
formed from one piece with a lock seam at i. To stiffen this curb a 
wooden a>/e i«? slipped inside as shown at D. From the inside con- 
densation guile/ / a 14-()z. copper tube runs through the curb, shown 
at d. The condensation from the gutter e in the bar, drips into the 
gutter /, out of the tube d, into the main gutter B, from which it is con- 
veyed to the outside by a lea<ler. 

In Fig. 163 is shown an enlarged section of a raising sash, taken 
through C D in Fig. 155. A in Fig. 163 shows the ridge bar, B the 
lower curb and C D the side sections of the bars explained in connec- 
tion ^vith Fig. 156. E 'F in h 
Fig. 163 shows the upper i 
frame of the raising sash, fit- 
ting onto the half ridge bar 
A. On each raising sash, at 
the upper end two hinges H 
are riveted at E and I, which 
allow th^ sash to raise or close 
by means of a cord, rod, or 
gearings. J K shows the 
lower frame of the sash fitting 
over the curb B. Holes are 
punched at a to allow the 
condensation to escape into fc, 
thence to the outside through Fig. 163. 
C. Over the hinge H a hood or cap is placed which prevents 
leakage. Fig. 164 shows a section through A B in Fig. 107 and rep- 
resents a hipped skylight having one-third pitch. By a skylight of 
one-third pitch is meant a skylight whose altitude or height A B, is equal 
to one-third of the span C D. If the skylight was to have a pitch of 
one-fourth or one-fifth, then the altitude A B would equal one-fourth 
or one-fifth respectively of the span C D. 

The illustration shows the construction of a hipped skylight with 
ridge ventilator which will be briefly described. C D is the curb; E E 
the inside ventilator; F F tlie outside ventilator forming a cap over the 
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glass at a. G shows the hooil hekl in position by two cross braces H. 
J represents a section of the common bar on the rabl)ets of which the 
glass K K rests. I, shows the con<le;isation gutters on the bar J, 




Fig. iti-1. 



which are notched out as sliowii at M, tlius allowing the ch'ip t» enter 
the gutter N jind discharge through the tube P. 'iTie foul wr escapes 
under the hood G as shown by the arrow. 
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VARIOUS STYLES OF SKYLIGHTS 

In Fig. IG-') is shown wliat is known ils a singie-pitcli light, and is 



place*! on a curb made by the carpenter wliicli has the desired pitch. 




Fig. \m. 
These skylight? are chiefly used on steep roofs as .sliown in tlie illus- 
tration, and made to set on a wooden curbs pitching the same as the 




roof, tlie curb first lieiiig flasheti. \'eiitilation is obtained by raising 
one or more lights by means of gearings, as shown in Fig. 155, 
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Fig, IGfi shows a double-pitch skylight. Ventilation is obtained 
by placing louvTes at each en<l as shown at A. Fig. 107 shows a 
skylight with a ridge ventilator. The corner bar C is called the hip 
bar; the small bar D, mitering against the corner bar; is ralle<l the jack 
I>ar, while E is calle<l the common l>ar. Fig. lOSillu.strates a hip mon- 
itor skylight with glazed opening sa-shes for ventilation. These sashes 
can be oi)ened or closed .separately, by means of gearings similar to 
those shown in Fig. 177 In Fig. 169 is .shown the metliod of rising 



Fig, lij'J. 

sashes in conservatories, greenhouses, etc., tlie same apparatus being 
applicable to both metal and wooden sa-shes. Fig. 170 shows a view 
of a photographer's skylight; if tlesire<l, the vertical sa.shes can be made 
to open. 

In Fig. 171 is shown a flat, extension skylight at the rear of a store 
or building. The upper side and enils are flashed into the brick work 
and made water-tight with wiilerprouf cement, while the lower side 
rests on the rear wall to which it is fastened. In some cases tlie rear 
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gutter is of cast iron, put up In- tlie inni worker, but it is usualk made 
of No. 22 galvanizeil ■-■.ni, or 20-o/,. fol«l-r()lle(l "copper. To receive 
the bottom of the flutter am! skylight, tlie wall shonlil be covereii by a 
wooden plate A, Fifj. 172, about two inches thick, and another plank 
set eilpeways flush with the inside i-f the wall, as shown at B. llie 
two planks are not yc(|ui7ed when a cast iron gutter is u.sed. 

Fig, 17;! .shows iv !iip|)ed skylight without a ridge ventilator, set 
<^ii a metal curb in which loii\Tes have l)ecn placed. These lou\Tes 
may I>e made .stationary or movable. Wicn made movable, they are 



ric. 170. 
c<nistructed a.s shown in Fig, 174, in which A .shows a persjiective view, 
B shows them closed, and (." o|>en. They ai'e o|)erated by the quad- 
rants attached to the upright burs a and h, which in turn are [nilled up 
and i!i>wn by cord,s or chains worked from below. When a skylight 
has a verj' long span, as in Fig. 175, it is constructed as shown in Fig. 
170, in which \ represents a T-lwani which can be trussed if necessary. 
Tills construction allows the water to escajie from the bottom of the 
upper light to the outside of the top of the lower skylight, the curb C 
of the upper light tiltii;g over the curb B of the lower light. 
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In Fig. 177 is shown tlie method of applying the gearings A 
shows the wiile view i>f the metal or wowlen sash partly opened, B the 



Fig. 171. 

end of tlie main .shaft, and C the binder that fasteii-s the main .shaft to 
tlie upright or rafter. D -shows the quath-ant wheel attache<l to main 
shaft and E b the worm wheel, geare<l to tlie quadrant D, coinmun- 
icating motion to tlie whole shaft. 
F is a hinge<l arm fastened to the 
main shaft B and hinged to the 
sash. By turning the hand-wheel 
tlie sash can be opened at any 
angle, 

DEVELOPMENT OF PATTERNS 
FOR A HIPPED SKYLIGHT 
The following illustrations 
and text will e.xpl^n the princi- 
ples involved in developing the 
pattern,'- for the ventilator, curb, 
hip bar, common bar, jack bar, 
Fi 172 ""'^ *^"^^ bar or clip, in a 

hipped skylight. These princi- 
ples are also applicable to any other form of light, whether flat, 
double-Ditch, sinple-oitch, etc. 



SHEET METAL WORK 145 

In Fig. 17S 13 shown a half section, a quarter plan, and a 
diagonal elevation nt a hip bar, inchnling the patlenis for the curb, 
hip, jack, ami commoTi bars. The method of making these drawings 
will be explained in detail, so that the student who pavs close atteniion 




Fig. nx 
will have no difficulty in laying out any patterns no matter what the 
pitch of the skylight may be, or what angle its plan may have. 

First draw any center line as A li, at riglit angles to which lay off 
C 4', equal to 12 inches. Assuming that the light is to have one-third 




Fig. 174. 
pitch, then make the ili.stance C D e<]ual to S inches which is one-third 
of 24 inches, and draw the slant line D 4.' At right angles to D 4' p\ace 
a settion of the common bar as shown by E, through which draw lines 
parallel to D 4', intersecting the curb shown from a to / at tlie Ixittoni 
and the inside .secticm lit the ventilator from F to G at the top. At 
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pleasure draw the section of the outside vent shown from A to / and the 
hood shown from m to p. X represents the section of the brace resting 
on ij to uphold the h<K)<l resting on it in the comer o. 'Die condensa- 



FiR. 175. 
tion putters of the common bar E are cut out at the bottom at 5' 6' 
whicli allows tlie drip to go into the gutter d e f ot the curb and pass 
out of the opening indicated by the arrow. Number the corners of 
each half of the common bar section E as shown, from 1 to 6 on each 
side, through which draw lines 
parallel to D 4' until they inter- 
sect the curb at the Iwttom as 
shown by similar numbers 1' to 
G', and the inside ventilator at the 
top by similar figures 1" to 6". 
This completes the one half-sec- 
tion of the skylight. . From this 
section the pattern for the com- 
B mon bar can be obtained without 

^'8 •^''' the plan, as follows: 

At right angles to 1) 4' draw the hne I J upon which place the 
stretchout of the section E as shown by similar figures on I J. Through 
these small figures, and at right angles to I J, draw lines, and intersect 
them by lines drawn at right angles to D 4' from similarly numbered 
intersections 1' to fi' on tlie curb and l" to 0" on the inside ventilator. 
Trace a line through points thus obtained ; then A' B' C D' will be the 
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pattern for the common bav in a ]ii]>ped skylight. The same method 
would be employed if a pattern were developed for a flat or a double- 
pitch light. Prom this same half section the pattern for the curb is 
developed by taking the stretchout of the various corners in the curb, 
abS' 4' cde and /, and placing them on the center line A B as shown 
by similar letters and figures. Through these divisions and at right 
angles to A B draw lines which intersect with lines drawn at right 
angles to C 4' from similar points in the curb section a'f. Trace a line 
through points thus obtained ; then E' F" / a will be the half pattern for 
tile curb shown in the half section. V represents the condensation hole 
to be punched into the pattern l>etween each light of glass in the sky- 
light. As the portion c d turns up on c 4', use r as a center, and with 



Fig. 177. 
the radius r 3 strike the semicircle shown. Above this semicircle 
punch tlie hole V. 

Before the patterns can be obtained for tKe hip and jack bars, a 
quarter plan \'iew must be a»nstructed which will give the points of 
intersections between the hip bar and curb, between tlie hip bar and 
vent, or ridge bar, and between the hip and jack bar. Therefore, from 
any point on tlie center line A B as K, draw K L at right angles to A B. 
As the skylight forms a right angle in plan, draw from K, at an angle 
of 45°, tlie hip or diagonal line K 1°, Take a tracing of the common 
bar section E with the various figures on same, and place it on the liip 
line K 1° in plan so that the points 1 4 come directly on the hip as 
shown by E'. Through the various figures draw lines parallel to K 1" 
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one-half of which are interse<*te(l by vertical lines drawn parallel to A 
B from similar points of intersection 1' to G' on the curb, and 1" to 6" 
on the ventilator in the half section, as shown respectively in plan by 
intersections 1° to 6° and P' to 6^. Below the hip line K 1° trace the 
opposite intersection as shown. It should be understood that the 
section E^ in plan does not indicate the true profile of the hip bar 
(which must be obtained later), but is only placed there to give the hori- 
zontal distances in plan. In laying out the work in practice to full size, 
the upper half intersection of the hip bar in plan is all that is required. 
It will be noticed that the points of intersections in plan and one half 
section have similar numbers, and if the student will carefully follow 
each point the method of these projections will become apparent. 

Having obtained the true points of intersections in plan the next 
step is to obtain a diagonal elevation of the hip bar, from which a true 
section of the hip bar and pattern are obtained. To do this draw any 
line as R M parallel to K 1°. This base line R M has the same eleva- 
tion as the base line C 4' has in the half section. Prom the various 
points 1® to 6° and P' to 6^' in plan, erect lines at right angles to K 1° 
crossing the line R M indefinitely. Now measuring in each and every 
instance from the line C 4' in the half section take the various distances 
to points D V 2" 3" 4" 5" and 6^ at the top, and to points 1' 2' 3' 4' 5' 
and 6' at the bottom, and place them in the diagonal elevation meas- 
uring in each and every instance from the line R M on the similarly 
numbered lines drawn from the plan, thus locating respectively the 
points N r 2^ 3^ 4^ 5^ and 6^ at the top, and V 2** 3^ 4^ 5'* and 6^ at 
the bottom. Through the jx)ints thus obtained draw the miter lines 
P to 6^ andP to 6^ and connect the various points by lines as shown, 
which completes the diagonal elevation of the hip bar intersecting the 
curb and vent, or ridge. To obtain the true section of the hip bar, 
take a tracing of the common bar E or E* and place it in the position 
shown by E'^, being careful to place the points 1 4 at right angles to 
P F as shown. From the various i>oints in the section E^ at right 
angles to P P draw lines intersecting similarly numbered lines in the 
diagonal elevation as shown from 1 to 6 on either side. Connect these 
points as shown ; then E* will be the true profile of the hip bar. Note 
the difference in the two profiles; tlie normal E' and the modified E^ 

Having obtained the true profile F/ the pattern for the hip bar is 
obtained by drawing the stretchout line O P at right angles P P. 
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Fake the stretchout of the profile E* and j)Ia(*e it on C) P as shown by 
similar figures. Through these small figures and at right angles to 
O P draw lines which intersect by lines drawn at right angles tt) F K 
from similarly numbered jxjints at top and bottom, thus obtaining the 
points of intersections shown. A line traced through the points tlius 
obtaine<l, as shown by IP J* K* L^ will l)e the pattern for the hip bar. 

For the pattern for the jack bar, take a tracing of tlie section of the 
a)mmon bar E and place it in the position in j)lan as shown by E' 
being careful to have the points 1 and 4 at right angles to the line l'^ 1°. 
It is immaterial how far the section E* is placed from the corner 2° as 
the intersection with the hip bar remains the same no matter how far 
the section is placed one way or the other. Through the various 
corners in the section E- draw lines at right angles to the line 1^ P inter- 
secting one half of the hij) bar on siiiiihvrly nu!nbere<l fines as shown by 
the intersections P' 2^' 3'^ 4^' 5^0^ and P'2^3M^'^)■' andfy'; also inter- 
secting die curb in plan at points P to i)^. '^Fhe intersection between 
the jack bar and curb in plan is not necessary in the development of 
the pattern as the lower cut in the j)attern for the «)mmon bar is the 
same as the lower cut in the pattern for the jack bar. However, the 
intersection is shown in plan to nuike a coin])lete drawing. At right 
angles t) the fine of th^ jack bar in plan, and from the various inter- 
sections with tiie hip bar, erect lines intersecting similarly luunbered 
lines in the section as shown. Thus from the various intersec- 
tions shown from P' to ()^ in j)lan, erect vertical lines interst^ct- 
ing the bar in the half section at j)()ints sliown from P' to ()'\ In 
similar manner from the various points of intersections S'\ .¥, and G'' 
in plan, erect lines intersecting the bar in the half section at jKjints 
shown by 3*^ .V (V'. C(mnect these ])()ints in the half section, as shown, 
w^hich represents the line of joint in the section between the hip and jack 
bars. 

For the ])attern for the upper cut of the jack bar, the same stretch- 
out can be used as that used for the common bar. Therefore, at right 
angles to 1)4' and from the various intersections P' 2^ 3^ 4^' o'- and C)^ 
draw lines intersecting similar numbered lines in the pattern for the 
common bar as sliown by similar figures. In similar manner from the 
various intersections 3' ."/ and G*^ in the one half section, draw lines at 
right angles to I) 4' intersecting similarly numi)ere(l lines in the pattern 
as shown by 3*' iV and G\ Trace lines from point to point, then the 
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cut shown from N^ to P* will represent the miter for that part shown in 
plan from T' to 0^', and the cut shown from P^ to O^ in the pattern will 
represent the cut for that part shown in plan from 2^ to 6**. The 
lower cut of the jack bar remains the same as that shown in the pattern. 
The half pattern for the end of the hood is shown in Fig. 179, and 
is obtained as follows: Draw any vertical line as A B, upon which 
place the stretchout of the" section of the hood mn o p in Fig. 178, as 
shown by similar letters iti n o p on A B in Fig. 179. At right angles 
to A B and through the small letters draw lines, making them equal in 
length, (measuring from the line A B) to points having similar letters 
in Fig. 178, also measuring from the center line A B. Connect points 
shown in Fig. 179, which is the half pattern for the end of the hood. 
For the half pattern for the end of the outside ventilator, take tlie 
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stretchout oihljkl in Fig. 178 and place it on the vertical line A B in 
Fig. 180 as shown by similar letters, through which draw horizontal 
lines making them in length, measuring from A B, equal to similar 
letters in Fig. 178, also measuring from tlie center line A B. Connect 
the points as shown in Fig. 180 which is the desired half pattern. In 
Fig. 181 is shown the half pattern for the end of the inside ventilator, 
the stretchout of which is obtained from F V T 3" 4" H G in Fig. 178, 
the pattern being obtained as explained in coimection with Figs. 179 
and 180. 

WTien a skylight is to be constructed on which the bars are of such 
lengtlis that tlie glass cannot be obtained in one length, and a cross bar 
or clip is required as shown by B, in Fig. 150, which miters against the 
main bar, the pattern for this intersecting cut is obtained as shown in 
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Fig. 182. Let A represent tlie section of the main bar, B tlie elevation 
of the cross bar, and C its section. Note how this cross bar is bent so 
that the water follows the direction of the arrow, causing no leaks be- 
cause the upper glass a is bedc'ed in putty, while the lower light b is 
capped by the top flange of the bar C (See Fig, 150). Number all of 
the comers of the section C as shown, from 1 to 8, from which points 
draw horizontal lines cutting the main bar A at points 1 to 8 as shown. 
At right angles to the lines in B draw the vertical line D E upon which 
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place the stretchout of the cross bar C, show^n by similar figures, 
through which draw horizontal lines, intersecting them with lines 
drawn parallel to D E from similar numbered intersections against the 
main bar A, thus obtaining the points of intersections 1' to 8' in the 
pattern. Trace a line through points of intersections thus obtained 
which will be the pattern for the end cut of the cross bar. 

In Fig. 183 is shown a carefully drawn working section of the 
turret sash shown in Fig. 168 at A. These sashes are operated by 
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means of cords, chains or gearings from the inside, the pivot on which 
they turn being sho'nn by R S in Fig. 183. The method of obtaining 
the patterns for tliese sashes will be omitted, as they are only square and 
butt miters whicli the student will have no trouble in devdoping, pro- 
viding he understands the construc- 
tion. Tliis will be made clear by 
the following explanation: 

A B represents the upper part of 
the turret proper with a drip bent on 
same, as shown at B, against which 
tlie sashes close, and a double seam, 
as shown at A, which makes a tight 
joint, takes out the twist in bending, 
and avoids any soldering. This up- 
per part A B is indicated by C in 
Fig. 168, over which the gutter B is 
placed as shown by X U Y in Fig. 
183. CD represents the lower part 
of the turret proper or base, which 
fits over the wooden curb W, and is 
indicated by D in Fig. 168. E in 
Fig. 183 represents the mullion 
majle from one piece of metal and 
double seamed at a. Tins mullion 
is joined to the top and bottom. 
The pattern fiir the top end of the 
mulhon would simply show a square 
cut, while the pattern for the bot- 
tom would represent a butt miter 
against the slant line i j. Before forming up this mulli< 




Fig. 183. 



the holes 
should be puncl»e<I in (he sides to admit the pivot R S. These mullions 
arc shown in position in Fig. 168 by E E, etc. 

F G in Fig. 1 R3 represents the section of the side of the sash below 
tlte pivot T. Notice that this lower half of the side of the sash has a 
lock attachment which hooks into the flange of the mullion E at F. 
\Miile the side of the sash is bent in one piece, the upper half, above the 
pivot T, has the lock omitted as sliowr, by ,1 K. Thus when the sash 
opens, the upper half of the ades turn toward the inade as shown by 
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the arrow at the top, while tlie lower half swiogs outwaixl as shown by 
the arrow at the liottom, \\'hen the lower half closes, it locks as shown 
at F, which makes a water-tight joint; but to obtain a water-tight joint 
for the upper half, a cap is used, partly shown by L M, into which the 
upper half of the side of the sash closes as shown at M. This cap is 
fastene<l to the upper part uf the mulUon E with a jirojecting hood / 
which is placed at the same angle as the sash will have when it is 
opened as shown by e r' and d d' or by the dotted lines. 

The siile of the sasli just explained is shown in Fig. 168 at H. 

The pattern for the side of the sash has a stjuare cut at the top, mitering 

with H I at the bottom, in Fig. 183, the same as a sijuare miter. H I 

represents the section <tf the Ixittom of the sash. Note where the metal 

is doubled as at b, against which the glass rests in line with tlie rabbet 

on the side of the sa.sh. A hea<led edge is shown at II whicii stiffens it. 

This lower .section is shown in Fig. IfiS by (J and has st|uare cuts on 

both en<ls. N O in Fig. 18-3 shows the -section of the top of tlie sash 

shown in Fig. IfiS by F. Fhe flange N in Fig. 183 is flush with the out- 

^ side of the glass, thereby allowing 

the glass to slide into the grooves 

in the sides of the sash. After the 

glass is in position the angle P is 

tacked at n. A leailer is attached 

to tlie glitter Y as shown by B" in 

Fig. lOS. \^^lile tlie method of 

construction shown in Fig. 1S3 is 

' generally employed, each shop 

has different methods; what we 

have aimed to give is the general construction in use, after knowing 

which, the stiitjent can plan his own construction to suit the conditions 

which are apt to arise. 

In the following illustrations. Figs. 184 to 187, it will be explained 
how to obtain the true lengths of the ventilator, ridge, hip, jack, and 
common bars in a hipped skylight, no matter what size the skylight 
may be. Using tliis rule only one set of patterns are required, as for 
example, those developed in connection with Figs, 178, 179, 180, and 
181, which in this case has one-third pitch. If, however, a skylight 
was required whose pitch was different than one-third, a new set of 
patterns would have to l)e developed!, to which the rule above mention- 
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ed would also be applicable for skylights of that particular pitch. 
Using this rule it should be understood that the size of the curb, or 
frame, forms the basis for all measurements, and that one of the lines 
or bendsof the bar should meet the line of the curb as shown inFig, 178, 
where the bottom of the bar E in the half section meets the line of the 
curb c 4' at 4', and the ridge at the top at 4'. Therefore when laying 



12 11 10 9 6 7 6 5 ii-. 3 2 1 

Fig. 185. 

out die lengths of the bar.s, they would have to be measured on the line 
4 of the bar E from 4' to 4" on the patterns, as will l>e explained as we 
proceed. 

The first .step is to prepare the triangle•^ from which the lengths 
of the common and jack bars are iibtaineil, also the lengths of the hip 
bars. After the drawings and patterns have been laid out full size 
according to the principles explained in Fig. 1 7S, take a tracing of the 
triangle in the half .section D C 4' and place it as shown by A 12 O, in 
Fig. 1S4. Divide O 12, which 
will be 12 inches in full size, into 
(jiiarter, half-inches, and inches, 
the same as on a 2-foot rule, as 
shown by flie figures O to 12. 
From these tlivisions erect lines 
until they intersect the pitch A O 
which completes the triangle for 
obtaining the true lengths of jack 

and common bars for any size skyliglit. In similar manner take 
tracing of N R 4'' in the diagonal elevation in Fig. 178 and 
place it as shown by B 12 (> in Fig. 18-5. The length 12 O then 
becomes the base of tlie triangle for the hip bar in a skyhght whose 
ba.se of tlic triangle for tiie common and jack oars measures 12 inches 



\ l«"| 16" I 16' I I6' I le" 1 16V 

\l l/i 
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as shown in Fig. 184, the heights A 12 in Fig. 184 and B 12 in Fig. 185 
being equal. Now divide 12 O in 12 equal spaces which will re{)resent 
inches when obtaining the measurements for the hip bar. Divide 
each of the parts into quarter-inches as shown. From these devisions 
erect lines intersecting the hypothenuse or pitch line B O as shown. 
To explain how these triangles are used in practice, Figs. 186 and 
187 have been prepared, showing respectively a skylight without and 

with a ventilator whose curb 
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Fig. 187. 



measures 4 ft. x 8 ft. Three 
rules are used in connection 
witli the triangles in Figs. 184 
and 185, the comprehension of 
which will make clear all that 
follows. 

Rule I. To obtain the 
length of the ridge bar in a 
skylight without a ventilator, as in 'Fig. 180, deduct the short side 
of the frame or curb from the long side. 

Example: In Fig. 186, take 8 feet (long side of frame)— 4 feet 
(short side of frame) = 4 feet (length of ridge bar a b). 

Rule 2. To find the length of the ventilator in a skylight deduct 
the short side of the frame from tlie long side and add the width of the 
desired ventilator (in this case 4 inches, as shown in Fig. 187). 

Example: In Figure 187 take 8 feet (long side of frame) — 4 feet 
(short side of frame) = 4 feet. 4 feet + 4 inches (width of inside 
ventilator) = 4 feet 4 inches, (length of inside ventilator a' &'). To 
find the size of the outside ventilator h I and hood m p in Fig. 178 
simply add twice the distance a b and a c respectively to the above size, 
4 inches, and 4 feet 4 inches, which will give the widths and lengths of 
the outside vent and hood. 

Rule 3. To find the lengths of either common or hip bar (in any 
size skylight) deduct the width of the ventilator, if any, from the length 
of the shortest side of frame and divide the remainder by two. Apply 
the length thus obtained on the base line of its respective triangle for 
common or hip bars and determine the true lengths of the desired bars, 
from the hypothenuse. 

Example: As no ventilator is shown in Fig. 1S(), tlicre will be 
nothing to deduct for it, and the operation is as follows: 4 feet (short- 
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est side of frame) -r- 2 = 2 feet. We have now the length with which 
to proceed to the triangFe for common and hip bars. Thus the length 
of the common bar c d will be equal to twice the amount of A O in Fig. 
184, while the length of the hip bar he in Fig. 186, will be equal to twice 
the amount of B O in Fig. 185. Referring to Figs. 186 and 187 the 
jack bars i j are spaced 16 inches, therefore, the length of the jack ba? 
for 12 inches will equal A O in Fig. 184, and 4 inches equal to 4° O; 
both of which are added together for the full length. 

The lengths of the common and hip bars will be shorter in Fig. 
187 because a ventilator has been used, while in Fig. 186 a ridge bar 
was employed. To obtain the lengths of the (X)mmon and hip bars in 
Fig. 187 use Rule 3: 48 inches (length of short side) — 4 inches (width 
of inside ventilator) = 44 inches; and 44 inches -r 2 = 22 inches or 
1 foot 10 inches. Then the length of the common bar (/ d' measured 
with a rule will be equal to A O in Fig. 184 and 10° O added together, 
and the length of the hip bar p' /' in Fig. 187 will be equal to B O in Fig. 
185 and 10^ O added together. l"se the same method where fraction- 
al parts of an inch occur. In laying out the patterns 
according to these measurements use the cuts shown 
in Figs. 178, 179, 180, and 181, being careful to 
measure from the arrow^)ints shown on each pattern. 

It will be noticed in Fig. 178 we always meas- 
ure on line 4 in the patterns for the hip, common, 
and jack bars. This is done because the line 4 in 
the profiles E and E^ come directly on the slant line 
of the triangles which were trace<l to Figs. 184 and 
185 and from w^hich the true lengths were obtained. 
Where a curb might be used, as shown in Fig. 188, 
which would bring the bottom line of the bar \\ 
inches toward the inside of the frame &, all around, then instead of 
using the size of 4 x 8 feet as the basis of measurements deduct 3 
inches on each side, making the basis of measurements 3 ft. 9 inches 
X 7 ft. 9 inches, and proceed as explained above. 
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ROOFING 

A good metal covering on a roof is as inijjortant as a good foun- 
dation. There are various materials used for this purpose such as tenie 
plate or what is commonly called nK)fing tin. The rigid lx>dy, or the 
base of roofing tin, consists of thin sheets of steel (black plates) that 
are coated with an alloy of tin and lead. \Miere a first-cla^s job is 
desired soft and cold rolled copper should be used. The soft copper 
is generally used for cap flashing and allows itself to be dressed down 
well after the base flashing is in position. The cold-rolled or hard a)p- 
per is used for the roof cH)verings. In some cases galvanized sheet iron 
or steel is employe<l. No matter whether tin, galvanized iron, or 
copper is employed the method of construction is the same, and will 
be explained as we proceed. 

Another form of r(K)fing is known as corrugated iron roofing, 
which consists of black or galvanized sheets, corrugated so as to secure 
strength and stiffness. Roofs having less than one-third pitch should 
be covere<l by what is known fus flat-seam roofing, and should be cover- 
ed (when tin or copper is used) with sheets 10 x 14 inches in size rather 
than with sheets 14 x 20 inches, because the larger number of seams 
stiffens tlie surface and prevents the rattling of the tin in stormy 
weather. Steep r(K)fs should be covered by what is known as standing- 
seam roofing made from 14" x 20" tin or from 20" x 2S". Before p,ny 
metal is placed on a roof the roofer should see that the sheathing beards 
are well seasoned, dry and free from knots and nailed close together. 
Before laying the tin plate a good building paj)er, free from acid, should 
be laid on the sheathing,or the tin plate should be painted on the under- 
side before la\ing. Corrugated iron is used for roofs and sides of 
buildings. It is usually laid directly upon the purlins in roofs, and 
held in place by means of clips of hoop iron, which encircle the purlins 
and are riveted to the corrugated iron about 12 inches apart. The 
method of constructing flat and double-seam roofing, also corrugated 
iron coverings, will be explained as we proceed. 

TABLES 

The following tables will y)r()ve useful in figuring the (juantity of 
material ref juired to cover a given number of scjnare feet. 
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FI.AT-SE.VM HOOFING 

Table showing quantity of 14 x 20-inch tin required to cover a given 
number of square feet with flat seam tin roofing. A sheet of 14 x 20 inches with 
with }-inch edges measures, when edged or foldf^d, 13 x 19 inches or 247 
square inches. In the following all fractional parts of a sheet are counted a 
full sheet. 





Sheets 
required 


V4 

o *: 


r3 

X. » 

193 


No. of 
sq. ft. 


Hi o 

u 

327 


c c: 

780 


u 


100 


59 1 


390 


1 5G0 


155 


no 


65 


:m 


199 


570 


338 


790 


461 


120 


70 1 


350 


205 


580 


339 


800 


467 


i:«) 


76 I 


360 


210 


590 


344 


810 


473 


140 


82 


370 


216 


600 


3,50 


820 


479 


150 


88 


380 


222 


610 


356 


830 


484 


leo 


94 


390 


228 


620 


362 


840 


490 


170 


100 


400 


234 


630 


3(» 


850 


496 


180 


ia5 


410 


240 


640 


374 


860 


502 


190 


111 


420 


245 


650 


379 


i 870 


508 


200 


117 


430 


251 


660 


386 


880 


614 


210 


123 


440 


257 


670 


391 


8(K) 


519 


220 


129 


4.-)0 


263 


680 


397 


iXK) 


525 


230 


la's 


460 


269 


690 


403 


910 


531 


210 


140 


470 


275 


700 


409 


920 


537 


250 


116 


480 


280 


710 


414 


930 


5^13 


260 


152 


490 


286 


720 


420 


940 


549 


270 


m 


500 


292 


730 


426 


950 


554 


280 


164 


510 


298 


710 


432 


9(50 


560 


290 


170 1 


520 


304 


7r»o 


438 


5>70 


566 


300 


175 


• 530 


309 


im 


444 


980 


.572 


.^10 


181 


540 


815 


; 770 


449 


9iH) 


578 


.320 


187 


550 


321 


1 









1000 square feet, 583 sheets. 
A l)«)x of 112 sheets 14 x 20 inches will covct approximately 102 square feet. 

Example. How much 14 x 20 inch tin with ^-inch edges is re- 
cjuired to cover a roof 20 feet x 84 feet? Take 20 X 84 = 1,680 
square feet. 

Referring to the table for Flat Seam Roofing, 1000 square feet require 
583 sheets and 680 square feet require 397 sheets, making a total of 
980 sheets. 

It should be understood that this amount is figured on the basis 
of 247 square inches in an edged sheet, which will be a trifle less when 
the sheets are laid on the roof. 

Example. \Miat quantity of 20 x 28-inch tin will be re<juired to 
lay a standing seam roof, measuring 37 feet long x 45 feet in width? 
Take 37 X 45 --- 1,665 square feet, or 16 squares and 65 feet. Refer- 
ring to the table for Standing Seam Roofing, 16 squares require 4 
boxes and 48 sheets, and 65 feet require 20 sheets, making a total of 4 
boxes and 68 sheets. 
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STANDING-SEAM ROOFING 

Table showing the quantity of 20 X 28-inch tin in boxes, and slieets 
required to lay any given standing-seam roof. 



8Q. FEET SHEETS SQrAllES sg. FEET BOXES SHEETS SQUARES 



BOXES SHEETS 



I 
2 
3 

4 
5 
6 
7 
8 
9 
10 
11 
]'i 
13 
14 
15 
16 
17 
18 
19 
20 
21 
23 
23 
2( 
25 
26 
27 
28 
29 
80 
31 
32 
33 
31 
35 
36 
37 
38 
39 
40 
41 
42 
43 
^4 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
(M 
66 
66 
67 



1 

1 

1 
'■> 

2 
2 
3 
3 
3 
4 
4 
4 
4 
5 
r> 
5 
6 
6 
6 

< 

7 
I 

4 

8 
8 
8 
9 
9 
9 
10 
10 
10 
10 
II 
11 
11 
12 
12 
12 
13 
13 
13 
13 
14 
14 
14 
15 
15 
15 
16 
16 
16 
16 
17 
17 
17 
18 
18 
18 
19 
19 
19 
19 
20 
20 
20 
21 



1 
o 

ii 
4 

5 
6 

I 

8 

y 

10 

11 

13 
13 
14 

ir> 

16 
17 
IS 
19 
20 
21 
23 
S 
21 
35 
26 
37 
38 
3i« 
30 
31 
33 



6S 




21 


35 


9 


4 1 


69 





21 


36 


9 


108 


70 




22 


37 


10 


27 


71 






3M 


10 


5H 


72 







:«) 


10 


89 


73 






40 


11 


8 


74 




2:^ 


41 


11 


39 


75 




2:i 


4> 


11 


70 


76 




23 


43 


11 


101 


f i 




24 


44 


12 


20 


78 




24 


45 


12 


51 


79 





24 


46 


13 


82 


80 




25 


47 


13 


1 


81 




25 


4*< 


13 


82 


82 




25 


49 


13 


63 


83 




35 


50 


13 


94 


84 




36 


51 


14 


13 


85 




26 


53 


'< , 


44 


m 




26 


53 


14 


75 


87 




27 


54 


14 


106 


KH 




27 


55 


15 


25 


89 




27 


56 


15 


56 


90 




3*< 


57 


15 


87 


91 




2H 


58 


16 


6 


93 




38 


59 


16 


37 


93 




38 


60 


16 


68 


94 




3'« 


61 


16 


99 


95 




'i^* 


62 


17 


18 


96 




2i> 


6:^ 


17 


49 


97 




30 i 


64 


17 


80 


i«8 




30 , 


65 


17 


111 


W 




»1 


(y3 


18 


30 


1(K) 




31 


67 


'" 1 


61 






31 


68 


18 


92 






r.3 


69 


19 1 


11 


1 




<.i3 


70 


19 


42 





1 


13 


71 


19 


73 




1 


13 


72 


19 


104 


• 


1 


71 


73 


30 


23 




1 


10.') 


74 


30 


54 




o 


31 


75 


30 


85 






55 


. 76 


31 


4 




•> 


86 


77 


31 


85 




3 


5 


78 


31 


66 




3 


36 1 


1 79 


31 


97 




:] 


. 67 


80 


.»•> 

« ■« 


16 






98 


81 


22 


47 


1 




17 1 


?*3 




78 




A 


48 


M 


23 


109 






79 


81 


2:1 


28 


1 




110 1 


85 


2:< 


59 




5 


2i> 


8«') 


23 


90 


1 


5 


60 


1 


24 


9 




5 


91 


8*< 


24 


40 


1 


6 


1<) 


89 


24 


71 




6 


11 


90 


24 


102 




6 


73 


91 


25 


21 




6 


m 


9-2 


25 


52 




<* 
( 


oo 


m 


1 25 


83 


1 


7 


5:^ 


91 


26 


2 


1 


7 


h\ 


1 95 


36 


33 




8 


•A 


915 


26 


64 




8 


:u 


97 


'2i5 


95 




8 


(u 


98 


27 


14 




8 


w 


99 


27 


45 




9 


15 


KKJ 


27 


76 





9 


16 

1 









Size of sheet before workiiis, 20 X 2S Indies. Exposed on roof 27X17 J inehes. 
Square inches per sheet exposed 479} inehes. Sheets per box 112. 
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NET WEIGHT PER BOX TIN PLATES 
Basis 14 X 20, 112 



Trade term . . . 
Weight per box, lb. 



80-lb. '85-lb. '90-lb. 951b. 



'80 



!85 90 



Size of 
sheets 



Sheets 
per box 



10 
14 
20 
10 
11 

WA 

12 

12 

13 

13 

14 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

26 

16 

14 

11^ 

13'X 

13^ 

13J4 

13J4 

14 

14 

14 

14 

14 

15H 



X It 
X 20 
X 28 
X 20 
X 22 
X 23 
X 12 
X 24 
X 13 
X 26 
X 14 
X 28 
X 15 
X 16 
X 17 
X 18 
X 19 
X 20 
X 21 
X 22 
X 23 
X 21 
X 26 
X 20 
X 31 
X 223<i 
X ITii 
X 11)'^ 
X 19>4 
X 19J4 

X \H^, 

X liM>i 

X 21 

X '« 

X 22'^ 

X 2.i 



225 
112 
112 
225 
225 
225 
225 
112 
225 
112 
225 
113 
225 
225 
225 
112 
112 
112 
112 
112 
112 
112 
112 
112 
112 
112 
112 
112 
112 
112 
124 
120 
113 
112 
112 
112 



80 

80 

160 

114 

138 

151 

83 

83 

97 

97 

112 

112 

139 

146 

165 

93 

103 

114 

136 

138 

151 

164 

193 

91 

124 

73 

60 

73 

75 

76 

83 

83 

84 

88 

89 

102 



95 



85 

85 

170 

121 

147 

161 

87 

87 

103 

103 

119 

119 

137 

I ir)5 

, 175 

I 98 

no 

, 121 
134 
147 
161 
175 
205 
97 

i:« 

78 
71 
77 
80 
81 
88 
88 
89 
91 
95 
108 



90 

90 

180 

129 

156 

170 

93 

93 

109 

109 

126 

126 

1:.5 

1o5 

186 

101 

116 

129 

142 

156 

170 

185 

217 

103 

140 

82 

76 

83 

85 

86 

93 

93 

95 

, 99 

100 

II.) 



I l-?! 



I 



99 

95 

190 

136 

l&l 

179 

98 

98 

115 

115 

133 

las 

153 
174 
196 
110 
122 
136 

\m 

161 
179 
196 
229 

109 

147 

87 

80 

87 

89 

90 

98 

98 

100 

105 

106 

121 



100-lb. 
100 



ic 
107 



100 
100 
200 
143 
172 
189 
108 
103 
121 
121 
140 
140 
161 
183 
206 
116 
129 
113 
158 
172 
189 
204 
241 
114 
1.t5 
91 
81 
91 
94 
95 
UK? 
103 
105 

no 
11. 

127 



107 
107 
214 
153 
184 
202 
110 
110 
139 
139 
1.50 
100 
172 
196 
231 
134 
138 
153 
169 
184 
302 
220 
258 
122 
166 
98 
90 
97 
100 
102 
110 

no 

113 
118 
119 
136 



IX L' IX I IXX 'IXXX 



128 



128 

128 
256 
183 
232 
243 
132 
132 
154 
1.54 
179 
179 
206 
234 
3<U 
118 
165 
183 
303 
231 
213 
26:^ 
309 
116 
198 



135 



155 



175 



185 
185 
270 
193 
234 
255 
139 
139 
163 
1(^3 
189 
189 
217 
247 
279 
156 
174 
193 
313 
234 
255 
278 
336 
1.54 
209 



1.55 
155 
810 
221 
268 
293 
159 
150 
187 
187 
217 
217 
249 
283 
320 
179 
200 
221 
244 
268 
298 
319 
374 
177 
240 



175 

175 

&50 

250 

302 

331 

180 

180 

211 

211 

245 

2\') 

281 

320 

361 

202 

226 

2.'i0 

276 

302 

331 

860 

422 

200 

271 



STANDARD WEIGHTS AND GAUGES OF TIN PL.\TES 



Trade terra 

Nearest wire gau^e No. 
Welj^ht, square foot, lb. 
Weight, box, 14x20, lb. 



66-lb. 


70- lb. 


75-1 b. 


80-lb. 


85-lb. 


90-lb. 


1 
95-lb. 


35 


35 


34 


83 


82 


81 


81 


.298 


.323 


.345 


.867 


.890 


.413 


.436 


65 


70 


75 


80 


85 


90 


05 



IX XXX 



196 



195 
195 
89(1 
279 
33T 
368 
201 
201 

2:S5 
278 
273 
818 
357 
408 
226 
251 
279 
307 
837 
868 
401 
471 
223 
302 



100-lb. 
80 
.459 
100 



Trade term ir 

Nearest wire gauge No. 30 

Weight, stiuare foot, lb 491 

Weight, box, 14 x 30, lb I 107 



IX I. 


IX 


28 


28 


.5** 


.619 


138 


135 



IXX 

27 

.713 

155 



IXXX 

36 

.803 

175 



IXXXX 

3-) 

8i)5 
195 



IXXXXX 

24 

.987 
215 



IC 14x20 



Black olates before eoatlng 
weight per 1 12 sheets 

When coated the jUates 

weigh iM^r 1 12 sheets. 



lb. 
95 to 100 



115 to 130 



IC 20 X 28 



lb. 
190 to 200 



2:W to 240 



IX 14x30 



lb. 
135 to 130 



145 to 150 



1X20x28 



lb. 
250 to 260 



290 to 300 
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OTHER FORMS OF METAL ROOFING 

There is another form of roofing known as metal slates and shin-. 

gles, pressed in various geometrical designs with water-tight lock attach- 
ments so that no solder is required in 
laying the roof. Fig. 189 shows the 
general shape of these metal shingles 
which are made from tin, galvanized 
iron, and copper, the dots a a a a 
representing the holes for nailing to 
the wood sheathing. In Fig. 190, A 
represents the side lock, showing the 
first operation in laying the metal slate 
or shingle on a roof, a representing the 
nail. B, in the same figure, shows the 
metal slate or shingle in position cover- 
ing the nail 6, the valley c of the bottom 
^K- i^^'^- slate allowing the water, if any, to 

flow over the next lower slate as in A in Fig. 189. 

In Fig. 191 is shown the bottom slate A covered by the top slate B, 

the ridges a a a keeping the water from 

backing up. Fig. 192 shows the style of 

roof on which these shingles are employed, 

that is, on steep roofs. Note tlie con- 
struction of the ridge roll, A and B in 

Fig. 192, which is first nailed in position 

at a a etc., after which the shingles B are 

slipped under tlie lock c. Fig. 193 shows 

a roll hip covering which is laid from the ^^S- ^^• 

top downward, the lower end of the hip having a projection piece for 

nailing at a, over which the top end of the next piece is inserted, thus 
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Fig. 191. 

covering and concealing the nails. Fig. 194 represents a perspective 
view of a valley with metal slates, showing how the slates A are 
locked to the fold in the valley B. There are many other forms of 
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metal sliingles, but tlie shapes shown lierewith are known as the 
Cortright patents. 

TOOLS REQUIRED 
Fig. 195 shows tlie various hand tools required by the metal roof- 
er; starting at the left we have the soldering copper, mallet, scraper, 




stretch-awl, shears, hammer, and dividers. In addition to these hand 
fatols a notching machine is required for cutting off tlie corners of the 



Fig. 193. 
sheets, and roofing folders are re- 
quired for eilging the slieets in flat- 
setan roofing, and hand double seamer 
and roofing tongs for standing-seam 
roofing. The roofing double .seamer 
and stiueeziiig tongs can be used for 
standing-seam roofing {in place of the 
hand double seamer), which allow the 
operator to stand in an upright position if the roof is not too steep. 
ROOF MENSURATION 
While some mechanics understand thoroughly tlie methods of 
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laying the various kinds of roofing, there are some, however, wlio do 
not understand how to figure from architects' or scale lirawings the 
amountof material re<iuired to cover a given surface in aflat, Irregular 
shaped, or hipped roof. The modern house with its gables and va- 
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Fig. m^. 
rious intersecting roofs, forming hips and valleys, render it necessary to 
give a short chapter on roof measurement. In Figs. 19C to 198 in- 
clusive are shown respectively the plans with full size measurements 
for a flat, irr^ular,and intersected hipped roof, showing how the length 
of the hips and valleys are obtained direct from 
the architects' scale drawings. 

The illustrations shown herewith are not 
drawn to a scale as architects' drawings will be, 
but tlie measurements on the diagrams are as- 
sumed, whicli will clearly show the principles 
which must be applied when figuring from scale 
drawings. ;\ssuming tliat the plans from which 
we are figuring are drawn to a quarter-inch scale, 
then when measurements are taken, every quarter 
inch represents one foot. J indi — 6 inches, j'y 
inch = 3 inches, etc. If the drawings were drawn to a half-inch 
.scale, then J inch ^ 12 inches, J inch ^ C inches, J inch = 3 inches, 
,'fl inch = 1 i inches, etc. 

A B C D in Fig. 19C represents a flat roof with a shaft at one ade 
as shown hy ab cd. In a roof of this kind we will figure it as if there 
was no £ur shaft at all. Thus 04 feet X 42 feet = 2,fiSS square feet. 
Tlie shaft is 1 2.5 X feet = 7.'> square feet ; then 2,0SS feet - 75 feet - 
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2,613 square feet of r(K)fing, to which must be added an allowance for 
the flashing turning up against and into the walls at the sides. 

In Fig. 197 is shown a flat roof with a shaft at eacli side, one shaft 
being irregular, forming an irregular shapeil 
roof. The rule for obtaining the area is sim- 
ilar to that used for Fig. 196 with the exception 
that the area of the irregular shaft a; ar a: a: in 
Fig. 197 is determined differently to that of the 
shaft bcde. Thus A B C D = 108 feet X 45 
feet =« 4,860 square feet. Find the area of 6 c 
d e which is 9.25 X 39.5 - 365.375 or 365| 
square feet. To find the area of tlie irregular 
shaft, bisect xx and xx and obtain a a, 
measure the length of a a which is 48 feet, and 
multiply by 9. Thus 48 X 9 = 412, and 412 
+ 365.375 = 777.375. The entire roof minus 
the shafts = 4,S()() scjuare feet - 777.375 = 
4,082.625 scjuare feet of surface in Fig. 197. Fig. 197. 

In Fig. 198 is shown the plan, front, and side elevations of an in- 
tersected hipped roof. A B C D represents the plan of the main build- 
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Fig. 198. 

ing intersected by tlie wing E F G H. We will first figure the main 
roof as if tliere were no wing attached and then deduct tlie space taken 
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up by the intersection of the wing. While it may appear difficult to 
some to figure tlie quantities in a hipped roof, it is very simple, if the 
rule is understood. As the pitch of the roof is equal on four sides the 
length of the rafter shown from O to N in front elevation represents 
the true length of the pitch on each side. The length of the building 
at the eave is 90 feet and the length of the ridge 48 feet. Take 
90 - 48 = 42, and 42 -^ 2 = 21. Now either add 21 to the length of the 
edge or deduct 21 from the length of the eave, which gives 69 feet as 
shown from S to T. The length of the eave at the end is 42 feet and 
it runs to an apex at J. Then take 42 feet -^ 2 = 21, as shown from T 
to U. If desired the hip lines A I, J B and J C can be bisected, obtain- 
ing respectively the points S, T, and U, which when measured will be 
of similar sizes; 69 feet and 21 feet. As the length of the rafter O N 
is 30 feet, then multiply as follows: 69 X 30 = 2070. 21 X 30 = 630. 
Then 630 + 2,070 ^- 2,700, and multiplying by 2 (for opposite sides) 
gives 5,400 square feet or 54 squares of roofing for the- main building. 
Prom this amount deduct the intersection E L F in the plan as follows: 

The width of the wing is 24 feet 6 inches and it intersects the main 
roof as shmvn at E L F. Bisect E L and L F and obtain points W and 
V, which when measured will be 12 feet 3 inches or one half of HG, 
24 feet 6 inches. The wing intersects the main roof from Y to F* in the 
side elevation, a distance of IS feet. Then take 18 X 12.25 = 220.5. 
Deduct 220.5 from 5400 = 5,179.5. The vdng measures 33 feet 6 
inches at the ridge L IM, and 21 feet 6 inches at the eave F G, thus 
making the distance from V to X = 27 feet 6 inches. The length of 
the rafter of tlie wing is shown in front elevation by P R, and is 18 feet. 
Then 18 X 27.5 = 495, and multiplying by 2 (for opposite side), gives 
995 sq. ft. in tlie wing. We then have a roofing area of 5,179.5 square 
feet in the main roof and 995 square feet in the wing, making a total of 
6,174.5 square feet in the plan shown in Pig. 198. 

If it is desired to know the quantity of ridge, hips, and valleys in 
the roof, the following method is used. The ridge can be taken from 
the plans by adding 48' + 33'6" = 81' - 6". For the true length of 
the hip I D in the plan, drop a vertical line from P in the front elevation 
until it intersects the eave line 1°. On tlie eave line extended, place the 
distance I D in the plan as shown from 1° to D° and draw a line from 
D° to P which will be the true length of tlie hip I D in the plan. Multi- 
ply this length by 4, which will give the amount of ridge capping re- 
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quired. This length of hip can also be obtained from the plan by tak- 
ing the vertical height of the roof P F in tlie elevation and placing it at 
right angles to I D in the plan, as shown, from I to P, and draw a line 
from P to D which is the desired length. 

For the length of the valley L F in the plan, drop a vertical line 
from F^ in the side elevation until it intersects the eave line at F°. 
Take the distance F L in the plan and place it as shown from F° to L°, 
and draw a line from L° to FS which is the true length of the valley 
shown by L F in the plan. Multiply this length by 2, which will give 
the required number of feet of valley required. This length of valley 
can also be obtained from the plan by taking the vertical height of the 
roof of the wing, shown by F° F^ in the side elevation, and placing it at 
right angles to F L in the plan, from L to F, and draw a line from F* 
to F which is the desired length similar to F^ L° in the side elevation. 

FLAT-SEAM ROOFING 

The first step necessary in pre{)aring the plates for flat seam 
roofing is to notch or cut off the four c^orners of the plate as shown in 
Fig. 199 which shows the plate as it is taken from the box, the shaded 
corners a a a a representing the corners which are 
notched on the notching machine or with the shears. 
Care must be taken when cutting off these corners not 
to cut off too little otherwise the sheets will not edge 
well, and not to cut off too much, otherwise a hole wall 
show at the corners when the sheets are laid. To find 
the correct amount to be cut off proceed as follows: ^' 

Assuming tliat a J-inch edge is desired, set the dividers at i inch 
and scribe the lines b a and a c on the sheet shown in Fig. 199, and, 
where the lines intersect at a, draw the line dent'dn angle of 45 degrees, 

which represents the true amount and true angle to be 
cut off on each corner. After all the sheets have been 
notched, they are edged as shown in Fig. 200, the long 
sides of the sheet being bent right and left, as shown at 
a, while the short side is bent as shown at 6, making 
the notched corner appear as at e. In some cases 
after the sheets are edged the a)ntract requires that the 
sheets be jiainted on the underside before laying. This is usuallv 
done with a small brush, being careful that the edges of the sheets 
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Fig. 200. 
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are not soiled with punt, which would interfere witli soldering. Be- 
fore laying the sheets tlie roof boards are sometimes covered with an 
oil or Tosin-sized paoer to prevent the moisture or fumes from below 
from rusting the tin on the underside. As before mentioned, the same 
method used for laying tin roofing would be applicable for laying 
copper roofing, witli the exception tJiat the copper sheets would 
have to be dnned about IJ inches. around the edges of the sheets 
aftCT they are notched, and before they are edged. 

In Fig. 201 is shown how a tin roof is starteil and the sheets lud 
when a gutter is used at tlie eaves with a fire wall at the side, A repre- 




sents a galvanized iron gutte/ with a {xirtiim of it lapping on the roof, 
witli a lock at C. In hanging the gutter it is flashed against the fire 
wall at J ; after whicli the base flashing D D is jjut in position, flashing 
out on the roof at E, with a lock at F, Wiere tlie base flashing E 
miters with the Range of the gutter B it is joined as sliown at b, allowing 
tlie flange E of tlie ba.se flashing as shown by the dotted line o. As the 
water discharges at G, the sheets are laid in the direction of the arrow 
H, placing die nails at least fi inclies apart, al-vays starting to nail at 
the butt e e, etc. Care should be taken when nailing that the nail heads 
are well covered by the edges, as shown in W, by a. Over the base 
flashing D D J the cap flashing L is plac&l, allowing it to go into the 
wall as at O. 
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When putting in base (lashings there are two methods employed. 
In Fig. 202 is shown a side flashing between the roof and parapet wall. 
A sliows the flashing turning out on the roof at B, with a lock C, attach- 
ed and flashed into the wall four courses of brick above the roof line, 
as shown at D, where wall hooks and 
paintskins or roofer's cement are used to 
make a tight joint. Flashings of this 
kind should always be painted on the 
underside, anil paper should be placed 
I>etween tlie brick work and metal, l>e- 
cause the moisture in the wall is apt to 

rust the tin. Tliis method of puttin<» in 

Fiir. 202 
flashing is not advi.'^able in new work, 

because when the building is new, the walls and I>eams are liable 

to settle and when this occurs the flange D tears out of the waU, and the 

result is disagreeable leaks that stain the walls. When a new roof is 

to be placed on an old building where the walls and copings are in 

place and the brick work and beams have settled, there is not so much 

danger of leakage. 

The proper method of putting in flashings and one which allows 

for the expansion and contraction of the metal and the settlement of the 

building b shown in Fig, 203, in which A shows the cap flashings, 



Vit-. -2^. Fig, -ilH. 

painted with two coats of paint before using. When the mason has 
built lib wall np to four courses of brick above the roof line the cap 
flashing A b placed in position and the wall and coping flnisheil; the 
base flashing B b then slipped under the cap A. In practice the cap 
flashing b ci;t 7 inches, then bent at right angles through tlie center, 
making eadi -sitle a and li 3^ inches. The base flashing B is then 
slipped under the cap flashing A as shown at C. 
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Where the cost isTiot considered! and a g(K)d job is desired, it is 
better to use sheet lead cap fla.s!iings in place of tin. They hist longer, 
do not rust, and can \ye dressed down well to lay tight onto the base' 
flashings. Into the lock C the sheets are attache<l. After the slieets 
are laid the seams are flattened down well by means of a heavy mallet, 

with slightly convex faces, after which the roof 
is ready for soldering. Wlien a base flashing 
is required on a r(X)f which abuts against a wall 
Ci):n{X)sed of clap Iwards or shingles as shown 
in Fig. 204, then, after the last cx^urse of tin A 
Fig. 205. j^j^j, \yeen laid, the flashing B with the lock a is 

locked into tiic course A and extends the recjuired distance under the 
boards I). The flashing should always be painted and allowed to dry 
before it is place<l in position. In the previous figures it was shown 
how the sheets are edged, lx)th sides being e(lge<l right and left. In 
Fig. 205 is shown what is known 

as a valley sheet, where the short 

» 

sides are edged both one way, as 

shown at a a, and tlie long sides 

right and left as s h o w n at b b, 

Sheets of this kind are used when 

the water runs together from two 

directions as shown by A in Fig. 

200. By having the locks a and a turned one way the roof is laid in 

lx)th directions. 

Fig. 207 shows a part plan of a roof and chinuiey A, around which 
the flashing BCD E is to be placed, and explains how tlie c^orners C 

,,^, and 1) are double seamed. 




Fig. 206. 
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whether on a chimnev, 
bulkliead, or any other ob- 
ject on a roof when tlie 
water flows in tlie direction 
of the arrow F. ^Fhe first 
operation is sliown at a and 
the final operation at b. 
Thus it will be seen that the water flows past. the seam and not against 
it. In laying Ilai scam roofing especially when copper is used, allow- 
ance must be made for the expansion and contraction of the sheets. 



Fiff. 207. 
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Care shouiil l>e taken not to nail direotly through the sheet as is shown 
in W, Fig. 201. Wliile this method is fjenerally employed in tin 
■ roofing, im n good joh, as well as on copper roofing, cleats as shown at 
I> in Fig. 20S should l>e used. 

To show how thev pre used, A and ii represent two locked-edged 
sheets. 'Hie lock on the cleat I> is locked into the edge of tlie sheets 
and naile*! inti) the riMif l)oards at a & c and d, or as often as required. 



Fig. 208. 
In this manner the entire rtK»f can he fastene<l witii cleats without 
having a nail driven into the sheets, therehy allowing for expansion 
and contraction of the metal. The closer these cleats are placed, the 
firmer the rtxif will he and the hetter the .seams will hold. By using 
fewer cleats, time niay l>e .saved in laying the roof, but double this time 
is lost when soldering the seams, for tiie heat of the soldering copper 



Kr. 209. 
will raise the seams, causing a siicces-sion of buckles, which retard 
soldering and reijuire 10 per cent more solder. \Vlien tlie seams are 
naile^l or cleated tlose it lays flat and smooth and the .soldering is done 
with ease and less solder. 

^\1ien a connection is to be made I>etween metal and stone or 
terra cotta, the method shown in Fig. 20!) is e:nployed. This illus- 
tration shows* stone or teiTa-cotta (.-ornice A. 'H'.c heavy line abed 
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represents the gutter lining, which is usually made from 20-02. cold- 
rolled copper. If the cornice A is of stone, the stone cutter cuts a 
raggle into the top of the cornice A as at B, dove-tail in shape, after 
which tlie lining abed is put in position as shown. Then, being care- 
ful that there is no water or moisture in the raggle B, molten lead is 
poured into the raggle and after it is cooled it is dressed down well with 
the caulking chisel and hammer. 

By having the dove-tail cut, tlie lead is secured finnly in position, 
holding down the edge of the lining and making a tight joint. Should 
the cornice be of terra cotta this raggle is cut into the clay before it is 
baked in tlie ovens. This method of making connection between 
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metal and stone is the same no matter whether a gutter or upright wall 
is to be flashed. ^Vhen a flashing between a stone wall and roof is to 
be made tight, then instead of using molten lead, cakes of lead are cast 
in molds made for this purjx)se, about 1 2 inches long, and these are 
driven into the raggle B as shown in Fig. 209 ai. X. 

Tlie most important step in roofing is the soldering. The style of 
soldering copper employed is shown in Fig. 210 and weighs at least 8 
pounds to the pair. \Mien rosin is used as a flux, it is also employed 
in tinning the coppers, but when acid is used as a flux for soldering zinc 
or galvanized iron, salammoniac is used for tinning the coppers. It 
will be noticed that the soldering coppers are forged square at the ends, 
and have a groove filed in one side as 5hown at A. \Vlien tlie copper 

is turned upward the groove should be filed 
toward the lower side within J inch from 
the corner, so that when the groove is placed 
upon the seam, as shown in Fig. 211, it acts 
^^6^^^- as a guide to the copper as the latter is 

drawn along the seam. The groove a being in the position shown, 
the largest heated surface b rests directly on tlie seam, "soaking" 
it thoroughly with solder. As the heat draws the solder between 
the locks, about 6 pounds of J and \ solder are required for 100 square 
feet of surface using 14 x 20-inch tin. The use of acid in soldering 
seams in a tin roof is to be avoided as acid coming in contact with the 
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bare edges and comers, where the sheets are folded and seamed to- 
gether, will cause rusting. No other soldering flux but good clean 
rosin should be employed. The same flux (rosin) should be used 
when soldering copper roofing whose edges have previously been 
tinned with rosin. 

We will now consider the soldering of upright seams. The solder- 
ing copper to be employed for this purpose is shaped as shown in Fig. 
212. It is forged to a wedge shape, about 1 inch wide and J inch 





Fig. 212. 

thick at tlie end, and is tinned on one side and the end only; if tinned 
otherwise, the solder, instead of remaining on the tinned side when 
soldering, would flow downward; by ha\ing the soldering copper tin- 
ned on one side only, the remaining sides are black and do not tend 
t ) draw the solder downward. The soldering copper being thus pre- 
pared, the upright seam, shown in Fig. 213, where tHe sheet B overlaps 
the sheet A 1", is soldered by first tacking the seam to make it lay close, 
then thoroughly soaking the seam, 
and then placing ridges of solder 
across it to strengthen the same. 
In using the soldering copper it 
should be held in the position 
shown by C, which allows the sol- 
der to flow forward and into the 
seam, while if the copper were held 
as shown by D, the solder would 
flow backward and away from the 
seam. In "soaking" the seam with 
solder the copper should be placed 
directly over the lapped part, so that the metal gets thoroughly 
heated and draws the solder between the joint. It makes no differ- 
ence where this cross joint occurs; the same methods are used. 

The roof being completal, the rosin is scraped off the seams and 
the roof cleaned and painted with good iron oxide and linseed oil paint. 
Some roofers omit the scraping of rosin and paint directly over it. 
This is the cause of rusting of seams which sometimes occurs. If the 




Fig. 213. 
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p^nt is applied to tlie rosin, tlie latter, with time, will crack, and the 
nun will soak under tlie CTacked rosin to tlie tin .surface. Even when 
the surface of the nxtf is drj', by raising tlie cracked nisin, ntuisture 
will often be found underneath, which naturally tends to rust the plate 
more and more with each storm. If the rosin is remove<l, the entire 
tin surface is protected by paint. 

One of tlie most difficult jobs in flat-seam roofinf^ is tliat of cover- 
ing a «>nical tower. As the roof in question isrouml in plan and tai>ei^ 
ing in elevation, it is necessary to know the 
inetliod of cutting the various patterns for the 
.sheets. In Fig. 214 ABC .shows the eleva- 
tion of a tower to lie covered wilh Hat .-;caiii 
roofing, using 10 X 14-incli tin at tlie base. As- 
suming that the tower tlirongh Ti C is 10 feet 6 
inches, or \2Ct inches, in diamclcr, the circum- 
ference is obtained by multiplying 120 by 
;}.141() which wpiiils 3!r>.S4ir., or say 396 
inches. As 10 x 14-incii plate is to be used at 
the base of the tower the nearest widtli which 
can lie employeil, and which will divide tlie 
space into etpial spac-es, is 1.3J inche.s without 
edges, tints dividing the circumference in 30 
e((ual spaces. This wliith of 13j inches to- 
gether witli the length of t!ie rafter A B or B C 
in elevaticm, will be the basis from winch all tiie 
patterns for the various cour.scs will l)e laid off. 
Pi„ 21-1, At any convenient place in the shop or at 

tlie building, .stretch a piece of tar felting of 
the re<iuireii length, tacking it at tlie four comes with nails to 
keep the paper from moving- rjMUi the <'eiiter of the felting .strike 
a clialk line as AR in Fig. 21.">. making it etpial to the length 
of the rafter A IJ or A C in Fig. 214. ■ At right angles to A B in 
Fig, 2].") at either side, draw the lines B D and B <' each equal to Of 
inches, being one half of the I3J above referred to. Fn)m tliejuiints 
C and D draw lines to the apex A (shown broken). As the widtli of 
the sheet u.seil is 10 inches and as we a.ssuinc an eilgc »f f inch for 
each side, thus leaving »j inches, mcasiire on the vertical line A B 
lengths of '.)] inches in succes.sion, until the apex A is readied, leaving 
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the last sheet at the top to come as it may. Through the points thus 

obtained on A B draw Hnes parallel to C I) intersecting the lines A C 

and A D as shown. Then the various shapes marked 12 3 etc. will 

be the net patterns for similarly numbered 

courses. Take the shears and cut out the 

patterns on the felting and number them as 

required. 

For example, take the paper pattern 

No. 1, place it on a sheet of tin as shown in 

Fig. 216, and allow f-inch edges all around, 

and notch the corners A B C and D. Mark 

on the tin pattern "No. 1, 29 more", as 30 

sheets are required to go around the tower, 

and cut 29 more for a)urse No. 1. Treat 

all of the paper patterns from No. 1 to the 

apex in similar manner. Of course where 

the patterns became smaller in size at the 

top, the waste from other patterns can be 

used. 

In Fig. 217 is shown how the sheets 

should be edged, always being careful to 

have the narrow side towards the top with 

tlie edge toward the outside, the same as in 

flat seam roofing. I^ay the sheets in the 

usual manner, breaking joints as in general 

practice. As the seams are not soldered 

care must be taken to lock the eclges well. 

After the entire roof is laid and before closing the seams with the mallet 

take a small brush and 
paint the locks with thick 
white lead, then close 
with the mallet. This 
will make a water-tight 
job. After the roof is 
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Fig. 217. 

completed the finial D in Fig. 214 is put in position. 

As the method used fcr obtaining the patterns for the various 
sheets in Fig. 215 is based upon the j)rinciple used in obtaining the 
envelope of a right cone, some student may say that in accurate pat- 
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tems tlie line from C to D and all following lines sliouW be curved, 
as if struck with a ratlins from the centei- A, and not straight as shown. 
To those tile writer would say that the curve would be so little on a 
small pattern, where the riulins is so long, that a straight line answers 
the purpose just as well in all praetiral work; for it would ainonnt to 
considerable lalxir to turn edges on the curved cut of the slieet, and 
there is certainly no necessity for it. 

Wien different metals are to lie connected together, as for instance 
tin roofing to copper flashing, or copper tul)es to galvanized iron gut- 
ters, or zinc flashings iu connection with c-opper linings, oare must be 
taken to have the copper sheets tlioroiighly tinnetl onlwtli sides wbereit 
joins to the galvanized iron, /.inc, or other metal, to avoid any electroly- 
sis between tlie two metals. It is a fact not well known to roofers 
that if we take a glass jar and fill it with water and place it in separate- 
ly, two clean strips, one of zinc and tlie other of copper, and connect the 
two with a tliin copper wire, an electrical a<'tion is the result, and if the 
connection remains for a long time 
(as the action is very faint) the Kinc 
would be destniyed, because, it may 
be sai<l, the zinc furnishes the fuel 
for the electrical action, the ."same 
as wood furnishes the fuel for tlie 
fire. Therefore, if the ci>pi)er was 
not tiimetl, before l()cking into the 
i>ther metal, and the joint becama 
wet witli rain, t]ie coating of tlie 
^' ' metal would lie destniyed by the 

electrical action between the two metals, and the iron would rust 
through. 

\\'hile the roofer is seldom called uixin to lay out patterns for any 
roofing work occasion may arise that a roof flashing is required around 
a pipe passing through a roof of any pitcii, as shown in Fig. 21S, in 
which Arepresentsasmokeor vent pipe passing through the roof B B, 
the metal roof flashing being indicated by C C. If tlie roof B B were 
level the opening to be cut into the flashing C C would simply lie a 
true circle the same diameter as the jiipe A. But where the roof 
pitches the opening in the flashing becomes an ellipse, whose minor 
axis is the same as the diameter of the pipe, and whose major axis ia 
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equal to the pitdi a b. In Fig. 219 is shown how this opening is ob- 
tained by the use of a few nails, a string, and a pencil, which the roofer 
will always have handy. 

First draw the line A B representing the slant of the roof, and 
then make the pipe of the desired size passing through this line at its 
proper angle to the roof 
line. Next draw the center 
line R S of the pipe, as 
shown. Call the point 
where this line intersects 
tlie roof line, I, and the 
points where 1) E and C F 
intersect AB, G and Irre- 
spectively. Through I draw 
K Ij at right angles to A B, 
making K I arid I L each 
efjual to the half diameter 
of the pipe. Having estab- 
Hshed the minor axis K I^ 
and the major axis G H, 
the ellipse is made by tak- 
ing I II, or half the major 
axis, as a radius, and with 
L as a center strike arcs in- ^'^^- '^^•^• 

tersecting the major axis, at points M and N. Drive a small nail in 
each of these two points and attach a string to the nails as shown by 
the dotted lines K M N, in such a way that when a pencil point is 
placed in the string it w\\l reach K. !Move the pencil along the 
string, keeping it taut all the time until the ellipse K H L G is ob- 
tained. Note how the position of the string clianges when it reaches 
a, then 6, etc. 

STANDING-SEAM ROOFING 

Another form of metal roofing is that known as standing seam, 
which is used on steep roofs not less than J pitch, or J- the width 
of the building. It consists of metal sheets whose cross or horizontal 
seams are locked as in flat seam roofing, and whose vertical seams are 
standing locked seams, as will be described in conne(*tion with Figs. 
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Fig. 220. 



220 to 229 inclusive. Assume that 14 x 20-inch sheets are used and 
the sheets are edged on the 20-inch sides only, as shown by A in Fig. 
220, making the sheet 13 x 20 inches. After the required number of 
sheets have been edged, and assuming that the length of the pitched 

roof is 30 feet, then as many sheets are 
locked together as will be required, and 
tlie seams are closed with the mallet 
and soldered. In practice these strips 
are prepared of the required length in the 
shop, painted on the underside, and when 
dry are rolled up and sent to the building. 
If dasired they can be laid out at the build- 
ing, which avoids the buckling caused by rolling and transportation 
from the shop to the job. 

After the necessary strips have been prepared they are bent up 
with the roofing tongs, or, what is better and cpiicker, the roofing edger 
for standing-seam roofing. This is a machine into which the strips of 
tin are fed, being dis- 
charged in the required 
bent form shown at A or 
B in Fig. 221, bent up 1 
inch on one side and 1} 
inches on the other side. 
Or the machine will, if *^" 

desired, bend up IJ inches and IV inches, giving a ?-inch finished 
double<l seam in the first case and a 1-inch seam in the second. 
WTien laying standing-seam roofing, in no case should any nails 
be driven into the sheets. This applies to tin, copper or galva- 
nized iron sheets. A cleat should be used, as shown 
in Fig. 222, which also shows the full size for laying 
the sheets given in Fig. 221. Thus it will be seen in 
Fig. 222 that } inch has been added over tlie measure- 
ments in Fig. 221, thus allowing edges. 
~^ These cleats shown in Fig. 222 are made from 

^^' • scrap metal; they allow for the expansion and con- 
traction of the roofing and are used in practice as shown in Fig. 223, 
which represents the first operation in laying a standing-seam roof, 
and in which A represents the gutter with a lock attached at B. The 
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gutter being fastened in position by means of cleats under the 
lock B — the same as in flat seam roofing — the standing seam strips 
are laid as follows: Take the strip C and lock it well into the 
lock B of the gutter A as shown, and place the cleat shown in Fig. 
222 tightly against the upright bend of the strip C in Fig. 223 as shown 
at D, and fasten it to the roof by means of a 1-inch roofing nail a. 




Fig. 223. 

Press the strip C firmly onto the roof and turn over edge b of the cleat 
D. This holds the sheet C in position. Now^ take the next sheet E, 
press it down and against the cleat D and turn over the edge rf, which 
holds E in position. These cleats should be placed about 18 inches 





Fig. 224. 



Fig. 225. 



apart and by using them it will be seen that no nails have been driven 
through the sheets, the entire roof being held in position by means (^f 
the cleats only. 

The second operation is shown in Fig. 224. By means of the 
hand double seamer and mallet or with the roofing double seamers and 
squeezing tongs, tlie single seam is made as shown at a. The third 
and last operation is shown in Fig. 225 where by the use of the same 
tools the doubled seam a is obtained. In Fig. 22G is shown how tl:e 
finish is made with a comb ridge at the top. The sheets A A A have 
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on the one side the single edge as shown, wliile the opposite side B has 
a double edge turned over as shown at a. Tlien, standin,'; seams bbb 
are soldered down to r. 

In Fig. 227 is shown how the side o( a. wall is flashed and counter 




flashed. A shows the gutter, B tlie leader or rain water conductor, 
and C the lock on the giiltei- A, fastened to the roof boards hy cleats 




Fig. 227. 
as shown at D. The back of tlie gutter is flaslied up against the wall 
as high as shown by the dotted line E. F represents a standing-seam 
strip locked into tlie gutter at H and ilashed up against the wail as high ■ 
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as shown by the tlotted line .1 J. As tJie flashing J J E is not fastened 
at any part to the wall the beams or wall can settle without disturbing 
the flashing. The counter or cap flashing K K K is now stepped as 
shown by the lieavy lines, the joints of the brick work being cut out to 
allow a one-inch flange d d d etc. to enter. This is well fastened with 
flashing hooks, as indicated by the small dots, and then made water- 
tight with roofer's cement. As will be seen the cap flashing overlaps the 
base flashing a distance indicated by J J and 
covers to LL; the corner is double .seamed at a 'h B 

a b. M shows a sectional view through the 
gutter showing how the tubes and leaders are 
joined. Tlie tube N is flanged out as shown 
at i i, and soltlei"ed to the gutter; the leader 
O is then slipped over the tube N as shown, 
and fastened. 

In the section on Flat-Seam Roofing it 
was explained how a conical tower. Fig. 214, 
would be covered. It will be sliown now 
how this tower would be covered with stand- 
ing-seam roofing. As the circumference of 
the tower at the base is 396 inches, and 
assuming that 14 x 20-inch tin plate is to 
l>e used at the base of the tower, the nearest 
width which can be employed and which 
will divide the base into equal spaces is 17 j*j 
inches, without e<lges, thus dividing the cir- 
cumference into 23 equal parts. Then the 
width of 17j*j inches and the length of the 
rafter A B or AC in elevation will be the j 
basis from which to construct the pattern 
for the standing seam strip, for which pro- 
ceed as follows : 

Let A B C D in Fig. 228 represent a 20-inch wide strip locked and 
s;(ldered to the required length. Through the center of the strip draw 
the line F. F. Now measure the length of the rafter A B or A C in Fig. 
214 and place it on the line EFin Fig. 228 as shown from H to F, At 
right angles to H F on either side <lraw F O and F L making each 
equal to 81^ inches, being one half of the 17j*3 above referred to. 




Fig. 228. 
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From points L and () draw lines to the apex II (shown broken). At 
right angles to II L and H O draw lines H P e(|ual to 1 J inclies and 
H S equal to 1 \ inches respectively. In similar manner draw L D and 
() C and connect by lines the points P D and S C. Then will P S C D 
be the pattern for the standing seam strip, of which 22 more will be 
required. Wien the strips are all cut out, use the roofing tongs and 

bend up the sides, after which they are laid on 
the tower, fastened with cleats, and double 
seamed with the hand seamer and mallet in 
the usual manner. 

If the tower was done m copper or galva- 
nized sheet iron or steel, where 8-foot sheets 
could be used, as many sheets would be cross- 
locked together as required; then metal could 
be saved, and waste avoided, by cutting the 
sheets as shown in Fig. 229 in which A B C D 
shows the sheets of metal locked together > and 
E and F the pattern sheets, the only waste be- 
ing that shown by the shaded portion. Where 
tlie finial D in Fig. 214 sets over the tower, the 
standing seams are turned over flat as much 
^^* "*" ' a.s is required to receive the finial, or small 

notches would be cut into the base of the finial, to allow it to slip over 
the standing seams. Before closing the seams, they are painted with 
white lead with a tool brush, then closed up tight, whicli makes a good 
tight job. 

CORRUGATED IRON ROOFING AND SIDING 

Corrugated iron is use<l for roofs and sides of V)uildings. It is 
usually laid directly upon the purUns in roofs constructed as shown in 
Figs. 230 ancl 231, the former being constructed to receive sidings of 
corrugated iron, while in the latter figure the side walls of the building 
are brick. Special care must be taken tliat the projecting edges of the 
corrugated iron at the eaves and gable ends of the roof are well secured, 
otherwise the wind will loosen the sheets and fold them up. The cor- 
rugations are niiule of various sizes such as 5-inch, 2\-inch, IJ-inch 
and |-incii, the niea>;urements always being from A to B in Fig. 232, 
and the depth being shown by C. The smaller corrugations give a 
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more pleasing; iipjtcariince, Imt tli<; Iwrfrer cornigatioiis are stilFef and 
will span a greftter distance, thereby permitting the purlins to be further 



Fig. 230. 
The thickness of the metal generally used for roofing and siding 
varies from No. 24 to No. 16 gauge. By actual trial made by The 



Fig. 231. 
Keystone Bridge Company it was found that corrugated iron No. 20, 
spanning feet, b^an to give 
permanent deflection at a load of 
31) lb. per square foot, and that 
it collapsed with a load of 60 lb. 
per square foot. The distance "g' ■ 

between centers of purlins should, therefore, not exceed C feet, and 
preferably be !es.s than this. 
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TABLES 

The following tables will prove of value when desiring any infor- 
mation to which they appertain. 

MEASrUEMEXTS OK CORIirGATEI) SHEETS 
Dimensions of Sheets and ('orruKations. 
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^4 








i-3 


1*^ •'. 
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5 be 


• 




^ = - 


5«5 

■3t3 




5 Inch. 


5 inch. 


1 inch. 


6 


24 inch. 


27 inch. 


10 feet. 


2^4 inch. 


2»4 Inch. 


^2 to J'« inch. 


10 


2t inch. 


2fJ inch. 


10 feet. 


1^ inch. 


I'i inch. 


/sto S inch. 


19S 


24 inch. 


•Jrt inch. 


10 feet. 


h inch. 


^4 inch. 


Ji inch. 


341^ 


25 inch. 


2«> ini'h. 


8 feet. 



RESULTS OF TEST 

of a corrugat(*d she(»t No. 20, 2 fi'et wide, fe(»t long betw(v»n supports, lojided 
uniformly with fin* chiy. 



Load 

per square foot. 

lb. 


Deflect ion 

at center under load. 

Inches. 


IVnnanent Deflection, 
load removed. 


5 


\ 





10 


\ 





15 


1 





2() 


11 





25 





35 
40 
45 
50 


12 

•4 

4 


1 

1 

i| 

li 


55 


^>i 


Not noted. 


60 


Broke down. 


t( kt 



The following table shows the distance apart the supports should 
be for different gauges of corrugated sheets:- 

Nos. 16 and IS 6 to 7 feet apart. 

Xos. 20 and 22 » 4 t(. 5 feet apart. 

No. 24 2 to 4 feet apart. 

No. 28 2 feet apart. 
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The following table is calfulatcii for slun^ts ;t04 iiu-lu-s wide before 
corrugating. 
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LAYING CORRUGATED ROOFING 

When, laying corrugated iron on wood sheathing use galvanized 
iron nails and lead washers. Tlie advantage in using lead washers is 
that they make a tight joint and prevent leaking and rusting at the nail 
hole; the wa.sher being soft it ea.sily shajies Itself to any curve. In Fig. 
233 is shown how these washers are iisetl ; A shows the full sij* nail 



V 

Fig. 233. 
and wa-sher. When laying, commence at tlie left hand corner of the 
eave and end of the building. Continue laying to the ridge by lapping 
the second sheet over the first 4 inches,the left-hand edge being finished 
by means of a gable band A, formed as shown in Fig. 234, into which 
the corrugated sheet B is well bedded in roofer's cement C. When it 
is not desired to use this gable band the sheet must be well secured at 
the edge to keep the wind from raising the sheets from the roof in a 
storm, an nt A in Fig. 2.30. 
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Should the gable have a fire wall, then let the sheets A butt against 
the wall and flash witli corrugated flashing as shown in Fig. 235, over 
which the regular cap or counter flashing is placed as explained in 

^ connection with Fig. 227. Should 

the ridge of tlie roof A butt 
against a wall, as shown at B in 
Fig. 230, then an end-wall flash- 
ing is used as is shown in Fig. 
230 which must also be capped, 
by either using cap flashing or 
allowing the corrugated siding 
to overlap this end-wall flashing 
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Fig. 234. FiR. 235. 

as would be tlie case at B in Fig. 230. Now a)mmence the 
second course at the eaves, giving one and one half corrugations for 
side lap, being careful that the side corrugations center each other 
exactly and nail with washers as shown in Fig. 237. Nail at every 

other corrugation at end laps, 
and at about every 6 inches at 
side laps, nailing through top 
of corrugation as shown in 
^^ "^' ■ Fig. 237. Continue laying in 

this manner until the roof is covered. 

The same rule is to be observed in regard to laps and flashing if 
the corrugated iron were to be fastened to iron purlins, and the method 
of f&<9tening to the iron frames would be accomplished as show^n in Figs. 
238 to 240 inclusive. Assuming that 
steel structures are to be covered, as 
shown in Figs. 230 and 231, then let 
A in Fig. 238 be the iron rafter, B 
the cross angles on which the sheets D are laid, then by means 
of the clip or clamp C, which is made from hoop iron and bent around 
the angle B, the sheets are riveted in position. In Fig. 239 is shown 
anotlier form of clamp, which is bent over the bottom of the angle iron. 




Fig. 237. 
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Fig. 240 shows still another method, where the clamp F is riveted to the 
sheet B at E, then turned around the angle A at D. To aToid having 
the stonn drive in between the corrugated opening at tlie eaves, cor- 
rugated wood filler is used as shown in Fig. 241. This keeps out the 



Fig. 238. Fig. 239. 

snow and sleet. On iron framing this is made of pressed nfetal. 

Another form of corrugated iron roofing is shown in Fig. 242. This b 

put down with cleats in a manner similar to standing-seam roofing. 
If there are hips on the roof, the corrugated iron should be car& 

fully cut and the hip covered ^ ^ 

with sheet lead. Thb is best 

done by having a wooden cove 

or filler placed on the hip, 

agunst which the roofing butts. 

Sheet lead is then formed over 

this wooden core and into the 

corrugations, and fastened by 

means of wood screws through the lead cap into the wooden core. 

The lead being soft, it can be worked into any desired shape. 

l^Tipn a valley occurs in a hipped roof, form from pl^n sheet iron 

a valley as shown in Fig. 243, being sure to give it two coats of paint 
before laying, and make 
it from 24-inch wide 
sheets, bending up 12 
inches on each side. 
Kt it in the valley, and 




Fig. 240. 



Fig. 241. 



cut the corrugated iron to fit the required angle. Then lap the 
corrugated iron over the valley from 6 to 8 inches. 

Wlien a chimney in to lye fia.shed, as shown in F^g. 244, use plain 
iron, bending up and flashing into the chimney joints, and allowing 
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the flashing to turn up under the corrugated iron at the top about 12 
inches and over tlie corrugated iron at the bottom about the same 
distance. At tlie side the fiashing should have tlie shape of the cor- 
rugated iron and receive a lap of about 8 inches, the entire flashing 



FiR. 212. 
being nell bedded in r(K)fer's cement. When n water-iight joint is 
required around a smolie stack, an shown in Fig. 245, flie corrugated 
iron is first cut out as shown, then a flashing built around one half the 
upper part of the stack to keep the water from entering inside. This 
is best done by using heavy 
sheet lead and riveting it to 
the sheets, using strips of sim- 
. i 1 a r ci>rTugaf ed iron as a 
washer to avoid damaging the 
lead. Before riveting, tlie 
flashing must be well bedded 
in roofer's cement and tlien 
make a beveled angle of 
cement to make a good joint. 
After this ui>right flasliing is 
in position a collar is set over 
the same and fastened to the 
.stack by means nf an iron ring 
bolted and made tight as shown. Cement is used to make a water- 
tight joint aroimd the stack. This construction gives room for the 
stack to sway and allows the heat to escai*. 

Sometimes the end-wall Hashing shown in Fig, 230 can be used 



Fig. 2-13. 
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to good advantage in building the upright flasliing in Fig. 245. Wliere 
the corrugated iron meets at the ridge, as at D and D in Figs. 230 and 



Fie- ^M. 
231, a wooden core is placed in po.'jitlon as explainetl in connection with 
die liip ridge, anc] an angle ridge, pressed by dealers wlio furnish the 



corrugated iron, is placed oynr the ridge ils shown in Fig. 24(i. When 
a ridge roll is required, the shape sliown in Fig. 247 is employed. 
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These ridges are fastened direct to the roof sheets by means of riveting 
or bolting. 

LAYING CORRUGATED SIDING 

Before putting on any corrugated siding or clapboarding, as 
shown in Fig. 248, a finish is usually made at the eaves by means of a 




Fig. 246. 

hanging gutter or a plain cornice, shown in Fig. 249, which is fastened 
to the projecting wooden or iron rafters. This method is generally 
used on elevators, mills, factories, barns, etc., where corrugated iron, 
crimped iron or clapboards are used for either roofing or siding. This 




Fig. 247. 

style of cornice covers the eaves and gable projections, so as to make 
the building entirely ironclad. A\lien laying the siding commence 
at the left hand corner, laying the courses from base to cornice, giving 
the sheets a lap of two inches as the ends and one and one half corruga- 




Fig. 248. 

tions at the sides. Nail side laps every 6 inches and end laps at every 
other corrugation, driving the nails as shown in Fig. 250. 

Where the sheets must be fastened to iron framing use the same 
method as explained in connection with Figs. 238, 239 and 240. In 
this case, instead of nailing tlie sheets, they would be riveted. If siding 
is put on the wooden studding care should be taken to space the stud- 
ding the same distance apart as the laying width of the iron used. In 
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this case ]>ieces of studding should be |>lac-ei] between the upriglits at 
the end of each sheet to nail tlie lai>s. When covering gruiti elevators 



fig, 24a. 
it is necessary to use swinging scaffolds. Commence at the base and 
carry up the course to the eave, the length of the scaffold. Commence 
at the left hand and give the .sheets a lap of one corrugation on the side 
and a two-inch lap at the end. 
Nail or rivet in every corru- 
gation 3 inches from the lower 
end of the sheet; this allows 
for settling of the building. 

When any structure is to 
be wvered on two or more 
^des, corner casings made of 
flat iron are employed, of a 
shape similar to that shown at 
B, Fig. 251. It will be seen 
that a rabbet is bent on both 
sides a and b to admit the 
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siding. This makes a neat finish on the outside and hides the 
rough edges of the siding. If a window opening is to have 
casings a jamb is used as shown at A, Fig, 2.'51 , which has a similar rab- 
bet at a to receive the siding; and a s<|uare liend at h to nail against the 
frame. In Fig. 252 is shown tlie cap of a window or opening. It is 
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bent 90 th(U a is nailed to the window or other frame at the bottom, 
while b forms a flashing over which the si<)ing will set. Fig. 253 shows 
the sill of a window, which has a rabbet at a, in which the sidinc is 





luninjr over the sill passes 
iiilerl ill white lead to the 



PiK. 2.=>2. 
slippe<l ; then b forms a drip, and any water 
over tlie siding witliynt danger of leaks; c is 
window frame. 

Anotlier use to which comipatcil inm is put is to cover sheils and 
awnin;;s. Sheets laid on wood are naileil in the usual manner, while 
^eets laid on angle ir^n coniJtnic'ti<m are fastened as explaiiie<l '»• the 



pre<'etling secticHis. In Fig. 2.">4 is shown an awning over a .store laid 
on angle iron supports. In work of this kind, to make a neat appear- 
ance, tlie sheef-s are curved to conform to tlie iron bracket A. 
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EXAMINATION PLATES 



SKYLIGHTS 



The plates of this Instruction Paper should be laid out the same 
size as in the previous books (10 x 14 inches). The student should 
first practice on other paper, then copy and send the corrected drawing 
for correction and examination. These final Examination Plates to be 
drawn in this course will consist of Plates VI, VII, and VIII and will be 
that of a hipped skylight with a ventilator. No copies of the plates are 
given, but with the following explanation the student should be able to 
construct the same without any trouble. The pitch of the skylight 
is to be one third, and Fig. 178 is given as an example of the work to be 
done with the following exceptions. On plate VI, within J inch inside 
of the margin lines, draw the one-half section of the skylight, the one- 
quarter plan, and the patterns for the common and jack bars. On 
Plate VII place a reproduction of the one-quarter plan omitting the plan 
of the jack bar; and from the plan of the hip construct the diagonal 
elevation of the hip bar, also its true profile and pattern. In this case 
the heights are taken from the one-half section in Plate VI and trans- 
ferred to Plate VII so as to obtain the diagonal elevation. On Plate 
VIII place a tracing of the one-half section from Plate VI, and 
develop on Plate VIII the patterns for the curb as shown in Fig. 178. 
On Plate VIII also develop the patterns shown in Figs. 179, 180 and 
^ 181, so as to neatly fill the plate. 

ROOFING 



Read carefully : Place your name and fuU address at the head of the 
paper. Any cheap, light paper like the sample previously sent you may be 
used. Do not crowd your work, but arrange it neatly and legibly. Do not 
copy the answers from the Instruction Paper; use your own words, so that 
we may be sure that you understand the subject. 



1. What care must be taken when notching tin plate for flat 
seam roofing? State the reasons why. 

2. What care must be taken when the sheets are painted on the 
underside? 
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3. In putting in flashing why is a base and counter flashing pre- 
ferable to a full flashing? 

4. WTiat is the object in using cleats in roofing? 

5. When are valley sheets employed? 

6. How is a water-tight joint obtained l)etween stoi:e and 
metal? 

7. What style soldering coppers are used for roofing, and why 
is the small groove filed on its lower side? 

8. WTiat style soldering coppers are used for upright soldering, 
and how are they tinned ready for soldering? 

9. WTiat is liable to occur when a roof is painted and the rosin 
has not been scraped off? 

10. W^hat is liable to happen when galvanized iron and copper 
are joined together? 

11. How can the disturbance between the two metals be pre- 
vented? 

12. Descril)e the laying of a valley in a corrugate<l iron roof. 

13. W'hat is used to make tight joints in roofing, where no solder 
is employed? 

14. WTien a corrugated iron roof is laid on sheathing, how is it 
fastened? 

15. WTien the same roof is laid on iron framing, how is it fas- 
tened? 

16. How are the hip ridges fastened and made tight over cor- 
rugated iron roofing? 

17. What is known by a side wall flashing in a corrugated iron 
roof? 

18. How is this side wall flashing made water tight? 

19. WTiat is known as an end wall flashing, and how is this 
flashed? 

20. To make a neat finish at the ends of the gables, what is em- 
ployed? 

On Plate IX is shown a plan and elevation of a hipped roof drawn 
to a scale of J inch to the foot. The student is not to make any 
reproduction of this plate but is only to figure out the quantities in this 
roof also the amount of hip rolls required, following the rules given 
in connection with the problems on Roof Mensuration in this book. 
In order that we may know whether the student understands the prin- 
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ciples of obtaining the length of tlie hip ridge, he is to show the method 
of getting this length l>oth in plan and elevation on Plate IX following 
the rules given on Roof Mensuration, and \ye careful not to soil the 
Plate in making the elevations of the hip. 

After completing: the work, add and sign the following statement: 

I hereby certify that tho fibovo work is entirely my own, 

(Signed) 
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An elevation and plan of a brick bay are shown in the illustration, the 
sides of which arc S inches, 3 feet 2 inches and 5 feet 10 inches wide. Laps 
or flanges for. soldering are to be allowed on the 3 feet 2 inch pieces and no laj>fi 
on the 8 inch and 5 feet 10 inch pieces. The lookouts or iron braces are indi- 
cated in the plan by the heavy dashes making a total of 9 required. 

After the detail section is drawn and knowing the angle of the bay in plan, 
the angle is placed as show^n by ABC, being careful to place CB on a line drawn 
vertically from .3-4 in the vsection. The miter line Ls then drawn as shown by 
BD, the section divided into equal spaces, and vertical lines dropped to the 
miter line BD as shown. At right angles to BC the girth of the section is 
drawn as shown by similar figures from 1 to 26, through which points at right 
angles to 1-26, lines are drawn and intersected by similar numbered lines 
drawn from the miter line BD at right angles to BC, thus obtaining the upper 
miter cut shown. Xow using this- miter cut in practice, make the distance 
from either points 25 or 24 (which represents the line of the wall) equal to 
8 inches, 3 feet 2 inches and 5 feet 10 inches. The 3 feet 2 inches and 5 feet 
10 inches have opposite miter cuts as shown. 

As will be seen by the plan, two eight inch pieces will be required, one 
right and one left and two 3 feet 2 inch and one 5 feet 10 inch pieces. Nine 
iron lookouts w^ill be required formed to the shape shown in the detail section, 
where holes are punched for bolting as there indicated. 



♦The illustration referred to will be found on the back of this page* 
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PART IV 

CORNICE WORK 

There is no trade in the building line to-day which has made such 
rapid progress as that of Sheet-Metal Cornice, or Architectural Sheet- 
Metal Work. It is not very long since the general scope of this branch 
of craftsmanship merely represented a tin-shop business on a large 
scale. But as things are to-day, tliis is changed. From an enlarged 
tin-shop business, sheet-metal cornice work, including under that title 
every branch of architectural sheet-metal work, has become one of the 
substantial industiies of the country, comparing favorably w^ith almost 
any other mechanical branch in the building trades. Nor is this work 
confined to tlie larger cities. In the smaller towns is sho^n the prog- 
ress of architectural sheet-metal work in the erection of entire building 
fronts c*onstructed from sheet metal. 

CONSTRUCTION 

Sheet-metal cornices have heretofore, in a great measure, been 
duplications of the designs commonly employed in wood, which, in 
turn, with minor modifications, were imitations of stone. 

With the marked advancement of this industr\', however, this 
need no longer be the case. A sheet-metal cornice is not now imita- 
tive. It possesses a variety and beauty peculiarly its own. No pat- 
tern Is too complex or too difficult. Designs are satisfactorily executed 
in sheet metal which arc impossible to produce in any other material. 
By the free and judicious application of pressed metal ornaments, a 
product is obtained that equals carved work. For boldness of figure, 
sharp and clean-cut lines, sheet-metal work takes the lead of all com- 
petitors. 

In order thot there may be no misunderstanding as to the various 
parts contained in what the sheet-metal worker calls a "cornice," 
Fig. 255 has been prepared, which gives the names of all the members 
in the "entablature'' — the architectural name for what in the shop is 
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known as die cornice. The term "entablature" is seldom heard 
iiinoiig mechanics, a verj' jfeneral n,se of the word "cornice" having 
supplanted it in the common language of business. 

An entablature consists of three principal parts — the cornice, the 
jriczf, an<l the architrave. A glance at the ilhistration will sene to 
sliow the relation that each l)ears to the others. Among mechanics 
the simp tenn for architrave is /oo/-7«o»W(ra*/; for friexe, pane/; an<lfor 




the sul«li\isio(is of the coriiioe, dtittil cmime, modllllon coiirne, bed- 
Tnould, and croum-moidd. In the iiiodilllon course, are the modiUion- 
band and mod ill ion-mould; while in the dentil course are the deniU- 
haiul and drtifil-moidd. Dripn are shown at the Ixjitom of the crown- 
aiid foot-moiiKI fa.scias, and the ceiling imder the crown mould is called 
tlie ■plancecr. The edge at the top of the cornice is called a lock, and is 
u.sed to lock the metal roofing into, when covering the top of the cor- 
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nice. In tlie panel, there are tlie panel proper, the panel-moidd, and 
tlie stile. ITie side and fmnt of the nicKlitlion are also shown. 

Fig. 256 shows the side and front view of what is JtBown as a 
bracket. Large terminal hraelcets in 
fomices, which project beyond the 
mouldings, and aj;;ainst which the 
iiioul<lings end, are called trusses, a 
front and a .side view of which are 
shown in Fig. 257. A blod< placed 
above a common bracket against 
which the moulding ends, is called a 
sioj> block, a front and a side ^lew of 
which are shown in Fig. 258. 




Kig. 2m. 



Fig. 2o9 is the front eleva- 
tion of a cornice, in which are 
shown the truss, the bracket, the 
modillion, tlie dentil, and the 
panel. It is sometimes the caise, 
in the constrnctii>n of a cornice, 
that a bracket or modillion is 
called for, whose fn>nt and sides 
are carved as shown in the fn>nt 
and side \'iews In Fig. 260, In 
that case, the brackets are ol>- 
tained from ulealers in preBsed 
ornaments, who make a spacialty 
of this kind of work. The sume 
FRONT SIDE applies to capitals which wonhl 

'^' "■"" be re(|uired for pilasters or col- 

umns, sucli as thcKse .shown in Figs. 261 and 262. The pilaster or 

column would be formed 

np in sheet metal, and tie 

capital purchased and .s<.l- 

dered in ptwition. In Fig. 

263, A shows an inchned 

moulding, which, as far as 

genend position is con- I'K -■ 

cemed, would be tlie same us a gable moulding. 
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Raking mouldings are those which are inclined as in a gable oi 
pe<liinent; but, inasninch as to miter an incUnetl moulding (as A) into a 
horizontal moulding {as B and C), imder certain conditions, necessi- 
tates a cliange of profile, tile term "to rake," among sheet-metal work- 
ers, has n>me to mean "to change pn)files" for the accoinpliahment of 



FRONT ELEVATION 

Fig. 259 

such a miter. Hence the term "raked moulding" means one whose 
profile has been changed to admit of mitering. 

The term miter, in common usage, designates a joint in a mould- 
ing at any angle. 

Drawings form a \er\- important [lart in sheet-metal architectural 



FRONT ELEVATION SIDE ELEVATION 

work. An liicaiitm is a gconietrical projection of a building or other 
oljject, on p. plane perjiendicular to the liorinon — as, for example, 
Figs. 2.'39 and 2li3. Elevations are ordinarily drawn to a scale of J or 
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^ iiicli to tiie fixrt. A sectional d.-uwintj sliow.s a view of a. building or 
other oliject as it would appear if out in two at a given vertical line— 
AS, toT example, Fig. 2.'>r>. Detail dravnnga are ordinarily full size, and 




are often called vxirking drawings. Tracings are duplicate drawings, 
made by tracing upon transparent cloth or paper placed over the orig- 



FiK. 2fi3. 

inal (IrawinfT- Mniv i)flicr tortus might be iutnnluced here; but 
enough, wc believe, hi. -; been [iresenteil ti» give the student the leading 
general pDints. 
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A few words are necessary on the subject of fastening the cornice 
to the wall. 

Sheet-metal cornices are made of such a wide range of sizes, and 
are retjuire*] to lie placed in so many different locations, that the- 
methods cf construction, when wooden lookouts are employed and 



FiR. 264. 
when the aimice is ]nit ti>gether ut the building in parts, are worthy of 
the most careful study. The general unlet of ])rocediire in putting 
up, is iis follows: 

The foot-moulding or architrave a b (Fig, 2('>4) is set upon the 
wall fini.shed up to /, the drip a lieii^ drawn tight against the wall. 
The brickwork is then carried up, and the lookout A placed in position, 
the wall being carrieil up a few courses higher to hold the lookout in 
position. A board B is then nailed on top of tlie lookouts (which 
should be placed about three feet apart) ; and on this tlie flange of the 
f(»ot-moidd h is fiisteneii. The friene or panel 6 c is now placed into 
the lock H. wiiicli is el. scd and sohlercd; when the hwkout C and the 
board I) are placed in their ]jn>[)er positions, as before described. 



SHEET METAL WORK 



199 



The planceer and bed-mould c d are now locked and soldered at 
D, and the lookout E placed in position, with a board F placed under 
the lookouts the entire length of the cornice; onto this board the plan- 
ceer is fastened. Having the proper measurements, the framer nov/ 
constructs his lookouts or brackets G H I E, fastening to the beam at 
T, when the crown-mould d eis fastened to the planceer, through the 
flange of the drip at d, and at the top at e. The joints between lengths 
of mouldings, are made by lapping, riveting, or bolting, care l)eing 
taken that thev are joined so neatlv as 
to hide all indications of a seam when 
finished and viewed from a short 
distance. 

If brackets or modillions are to 
be placed in position, they are riveted 
or bolted in position; or sometimes the I ~g^fj^"^'' 
back of the cornice is blocked out 
with wood, and the brackets screwed 
in position through their flanges. 

While a galvanized-iron cornice 
thus constructed on wooden lookouts 
will resist fire for a long time, a strict- 
ly fireproof cornice is obtained only 
by the use of metal for supports and 
fastenings, to the entire exclusion of 
wood. This fireproof method of con- 
struction is shown in Fig. 265. In- 
steiul of patting up in parts on the building, the cornice is con- 
structed in one piece in the shop or uiK)n the ground, and hoisted 
to the top of the wall in long lengths easily handled. A drip a is use<l 
at the bottom of the foot-mould, and the joints made in the way in- 
dicated at b and c, with a lock at d. Band iron supports and braces 
are used, formed to the general contour of the parts as shown by A B 
C, and bolted direct to the cornice, as shown, before hoisting. 

\Mien the cornice sets on the wall as at C, anchors are fastened 
to the main brace, as at D and E, with an end bent up or down for 
fastening. If the cornice sets i)erfectly plumb, the mason carries uj) 
his wall, which holds the coriiice in a finn position. The top and 
back are then framed in the usual manner and covered by the metal 




Fig. 265. 



/ 
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roofer. In constructing cornices in this manner, the mouldings are 
run thnnigh solid, behind all l)rackets and modillions. The brackets 
and modillions are attache<l by means of riveting through outside 
flanges. 

SHOP TOOLS 

One of the most important tools in cornice or architectural sheet- 
metal working shop is the brake. On those operated bv hand, sheets 
are bent up to 8 feet in one continuous lengtli. In the larger shops, 
power presses or brakes are used, in which sheets are formed up to 10 
feet in length, the j)ress being so constructed that they will fonn ogees, 
squares, or acute bends in one operation. 

Large 8- or 10-feet squaring shears also form an important ad- 
dition to the shop, and are operated by foot or power. 

WTien cornices are constructed where the planceer or frieze is very 
wide, it is usual to put crimped metal in, to avoid the waves and buck- 
les showing in the flat surface; for this purpose the crimping machine 
is used. 

In preparing the iron braces for use in the construction of fire- 
proof cornices, a punching machine and slitting shears are used for 
cutting the band iron and punching holes in it to admit the bolts. 
WTiile braces are sometimes bent in a v!se, a small machine known as a 
brace bender is of great value m the shop. In large fireproof building 
constructions, it is necessary that all doors, window frames, and even 
sjishes be c()verc<l widi metal, and made in so neat a manner tliat, 
when painted and grained, no differences will be apparent to indicate 
whether the material is wood or metal, the smallest bends down to J 
inch being obtained. This, of course, cannot be done on the brakes 
just mentioned, but is dime by means of the draw-lHNch, which is con- 
structed in lengths up to 20 feet and longer, operated by means of an 
endless chain, and capable of drawing the sheet metal over any shaj)e<I 
wood mould as tightly as if it were cast in one piece. The smaller 
tools in the shop are similar to those described in the Instruction 
Papers on Tinsmithing and Slieet Metal Work, Part I. 

METHOD EMPLOYED FOR OBTAINING PATTERNS 

The principles applied to cylinder developments {ls explained in 
the Tinsmithing and Sheet Metal AVork courses, under the headii'g 
of ** Parallel-Line Developments," are also applicable for obtaining 
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the patterns for any moulding wliere all members run parallel; for it 
makes no difference what profile is employed, so long as the lines run 
parallel to one anotlier, the parallel-line method is used. While 
this method is chiefly employed in cornice work, other problems will 
arise, in which the "Radial-Line" and Tri angulation" methods (ex- 
plained in previous Pajiers) will be of aer\nce. 

The tenn generally used in the shop for pattern cutting on cornic.' 
work is miter cutting. To illnsfnle, sup])ose two pieces of mouldings 
are to be joine<l together at 
angle of 90**, as shown in Fig, 
206, The first step necessary 
would be to bisect the given 
angle and obtain the miter- 
line and cut each- piece so that 
they would miter together. If a Fig, 266. 

CBTpenter had to make a joint of this kind, he would place his moulding 
in the miter-box, and cut one piece right and one piece left at an angle 
of 45°, and he would be careful to hold the moulding in its proper po- 
sition before sawing; or else he may, instead of having a return miter 
as shown, have a face miter as in 
a picture frame, shown in Fig. 
267. The sheet-metal cornice- 
maker cannot, after his moulding 
is fonued, place it in the miter- 
In)x to cut the miter, but must 
^--J 11 II lay it out — or, in other words, 
' — '-^—'^ develop it — on a flat surfatre or 
'*■"' ■ sheet of metal. He must also be 

careful to place the proKle in its priii>er i>osition with the miter- 
lino; or else, instead of having a return miter as .shown in Fig. 266, he 
will have a face miter as shown in Fig. 267. If he lays out his work 
correctly, he can then cut two 2>ieces, form one right and the other left, 
when a miter will result between the two pieces of moukiing and will 
look as shown in Fig. 266. If, Imwever, a face miter is ilesired, a,s 
shown in Fig. 267, which is u.sed when miters are desired for ]>anels 
and other purposes, the method of laying them out will be explained as 
we proceed. The same principles re(|uired for developing Figs. 2()6 
and 267 are used, whether the mouldings are mitered at angles of f)0° 
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or otherwise. The method of raking the mouldings — or, in other 
wonls, changing their profile to admit the mitering of some other 
moulding at various angles — will also be thoroughly explained as we 
proceed. 

VARIOUS SHAPES OF MOULDINGS 

The style of mouldings arising in the cornice shop are chiefly 
Roman, and are obtained by using the arcs of a circle. In some cases, 
Greek mouldings are used, the outlines of which follow the curves 
of conic sections; but the majority of shapes are arcs of circles. In 





Fig. 268. 



Fig. 269. 



Figs. 268 to 272 inclusive, the student is given a few simple lessons on 
Roman mouldings, which should be carefully followed. As all pat- 
tern-cutters are required to draw their full-size details in the shop from 
small-scale drawings fumishe<i by the architect, it follows that they 
must understand how to draw the moulds with skill and ease; otherr 
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Fig. 270. 



Fig. 271. 



wise freehand curves are made, which lack proportion and beauty. 

In Fig. 268, A shows the mould known as the cyma recta, known 
in the shop as the ogee, which'is drawn as follows : 

Complete a square abed; draw the two diagonals a c and b d, 
intersecting each other at e. Through e, draw a horizontal line inter- 
secting adatf and b c nth. Then, with / and h as centers, draw" re- 
spectively the two quarter-circles a e and e c. 
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in the shop, which 



In Fig, 269, B shows the cyma revcrna, known in the shop as the 
ogee, reversed. Complete a square ahc<l, an<l draw tlie two diagonals 
b d and a e intersecting at c; through r, draw n vertical line intersecting 
ah til I and cdath, which points are the respecti\e centers for tlie arcs 
a e ami e c. 

C in Fig. 270 shows the cavetto, called the a 
is drawn by completing a stjuare abed. Draw 
tlie diagonal b d a,t 45", which proves the 
s((nare; and, using d as a center, draw the 
qiiarter-cin-le a c. 

In Fig. 271, D represents the ovoh or 
echinus, known in the shop as the quarter- 
rouml, which is constructed similarly to C in 
Fig. 270, with the exception that b in Fig, 271 
is iise<l to obtain the curve ac. 

E in Fig. 272 is known as the torus, known in the shop as a bead- 
movld. A given distance a 6 is bisected, thus obtaining c, which is the 
center with which to describe the semicircle a b. 

AH of these profiles should be drawn by the student to any de- 
sired scale for practice. In preparing mouldings from sheet metal, 



Fig. 272. 




Fig. -273. 

it is .sometimes require*! that enrichments are abided in the ogee, cove, 
and bead. In that ca.se the mould must l>e bent to receive these en- 
richments, which are usually obtained from dealers in stamped or 
pressed .sheet-metal work. Tlius, in Fig. 273, F rep'-esents a front 
view of a crown mould whose ogee is enriched, the section of tlie en- 
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richment being indicated by a i in tlie section, in which the dotted line 
d c shows the \xx\y of the sheet-metal moulding bent to receive the 
pressed work. In Fig 274, H represents part of a bed-mould in which 




Fig. 274. 

egg-and-<lart enricJiments are phiced. In this case the body of the 
mould is bent as shown by c d in the section, after whicli the egg-and- 
dart is soldered or riveted in position. J in Fig. 275 represents part 





Fig. 275. 

of a foot-mould on which an enriched bead is fastened. The body of 
the mould would be fonned as indicated by c in the section, and tlie 
bead a h fastened to it. This same general method is employed, no 
matter what shape the pressed work has. 

PRACTICAL MITER CUTTING 

Under this heading come the practical shop problems. The prob- 
lems which will follow should be drawn to any desired scale by tlie 
student, developed, and bent fn)m stiff cardboard to prove the accu- 
racy of the pattern. If the student cannot use the small brake in the 
shop and test his patterns cut fn)m metal, he can use the dull blade of 
a table knife, over which the bends can be ma<le, when using cardboard 
patterns, lliis at once proves interesting and instructive. Should 
there be any problem which is not clear, he should write at once for 
further information; or, should any problem arise on which he desires 
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information, the Scliool will inform him which problem in his text- 
books tcmtains .similar principles, or will prepare such a problem for 
him. 

The first problem will be In dbtain the development of a square 
return miter, .such as would occur when a moulding had to return 
anmnd the CT>rner of a buihlin^, as shown in. Fig. 276. In Fig. 277 
are shown two methods of ob- 
taining tlie patteni. "^Tlie first 
method whicli will be described 
is the "long" method, in which 
are set forth all the principles 
applicable to obtaining pat- 
terns for mouldings, n<i matter 
what angle the plan may liiive. 




Fig. 276. 
The second method is the "short" 
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nile generally employed in the shop, which, however, can be used only 
when the angle II (i F in plan is 90°, or a right angle. 

To obtain the pattern by the first method, proceed as follows: 
First, draw the elevation of the mould as shown by 1, B, A, 11, drawing 
tlie a)ves by the rule previously given. Divide the curves into equal 
spaces; and number these, including the corners of the fillets as shown 
by the small figures 1 to 1 1 . In its proper position below the elevation, 
draw the soffit plan as shown by C I) E F G H. Bisect the angle H G 
F by the line G I), which is drawn at an angle of 45°. From the va- 
rious intersections in the elevation, drop lines intersecting the miter-line 
as show^n. At right angles to H G, draw the stretchout line V IT, 
upon which place the stretchout of the mould 1 11 in elevation, as 
shown by similar figures on the line V 11'. At right angles to 1' 
11', and from the numbered points thereon, draw lines, which intersect 
by lines drawn at right angles to II (j from similarly numbered inter- 
sections on the miter-line (t D. Trace a line through the intersections 




thus obtained, as shown by J G. Then will 1' G J 11' be the desired 
pattern. This gives the pattern by using the miter-line in plan. 

In developing the pattern by the short method, on the other hand, 
the plan is not recjuired. At right angles to 1 B in elevation, draw the 
stretchout line 1" 11", upon w^hich place the stretchout of the profile 
1 11 in elevation, as shown by similar figures on 1" 11", at right 
angles to w-hich draw lines through the numbered points as shown, 
which intersect by lines drawn at right angles to 1 B from similarly 
numbered intersections in the profile in elevation. Trace a line through 
points thus obtained, as shown by G K. Then will (j 1" 11" K be 
similar to J (i T 11' obtained from the plan. 
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In Fig. 27S i.s shown a horizontal moulding butting against a 
plane surface o!)lit|ue in elevation. A miter cut of this kind would 
be re(inireil when tlie return moulding of a donner window would butt 
iigain.st a mauHard cr other j)itrhe<l niof. In this ca.se we assume A 
to he the return hutting against the pitche<l roof B. The metliod of 
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obtaining a pattern of fliis kind is shown in Fig. 270, Ijct A B C D 
reprasent the elevation uf the return, A I> representing the pitch of the 
roof. In its proper position as shown, draw the section 1 11, which 
divide into equal spaces as shown, and from which, parallel to A B, 
draw lines intersecting the slant line A I> from i to 11, as shown. At 
right angles to AB erect the stretchout line 1' 11', upon which place 
the stretchout of the section as shown hy similar figures on 1' 11'. 
At right angles to 1' 11', and tlirough the numbered points thereon, 
tlraw lines, which intersect by lines drawn at right angles to A B from 
similarly numbercil intersections on the slant line A D, Through 
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tlie various intersections thus ol)taine<l, draw E F. Then will E F 
11' 1' he the desired pattern. 

It is sometimes the case that the roof aj^ainst which the moulding 
butts, has a curv^ed surface either concave or convex, as shown by B C 
in Fig. 280, which surface is convex. Complete the elevation of the 
moulding, as D E;*and in its proper position draw the section 1 9, 
w^hicli divide into equal spaces as shown by the small figures, from 
which draw horizontal lines until they intersect the curved line B C, 
which is struck from the center point A. At right angles to the line 
of the moulding erect the line 1' 9', upon which place the stretchout 



PATTERN 




SECTION 



of the section, as show^n by tlie figures on the stretchout line. Through 
the numbered points, at right angles to 1' 9', draw lines, which 
intersect by lines drawn at riglit angles to 2 D from similarly numbered 
intersections on the curv^e B C, tluis resulting in the intersections 1^ to 
9" in the pattern, as show' n. The arcs 2" 3" and 7" H^ are simply repro- 
ductions of the arcs 2 3 and 7 9 on B C These arcs can be 
traced by any convenient metliod; or, if the raciius A C is not too long 
to make it inconvenient to use, the arcs in the pattern may be obtained 
lis follows: Using A C a.s radius, and 7" and S" as centers, describe 
arcs intersecting each other at A'; in similar manner, using 2" and 3" 
a.s centers, and with the same radius, describe arcs intersecting each 
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other at A". With the same radius, and with A^ and A^ as centers, 
draw the arcs 8" 7" and 3" 2'' respectively. Trace a line through 
the other various intersections as shown. Then will 1' I'' 9" 9' be the 
desireil pattern. 

In Fig. 281 is shown an elevation of an oblong or rectangular 
panel for which a miter-cut is desired on the line a b — known as a 
"panel" or "face" miter. The 
rule to apply in obtaining this 
pattern is shown in Fig. 282. ^^ 
A shows the part elevation of 
the panel ; a b and c rf, the 
miter-lines drawn at angles of 
45°. In its proper position 
with tlie lines of the mould- 
ing, draw the pix)file B, the 
curv- e or mould of which divide 
into equal spaces, as shown 
by the figures 1 to 7; and from 
the pomts tlius obtained, par- 
allel to 1 fc, draw lines inter- 





Fig. 2S1 . 



Fig. 282. 



secting the miter-line a fe as shown. From these intersections, par- 
allel to b d, draw lines intersecting also c d. At right angles to b d 
draw the stretchout line 1' 7', upon which place the stretchout of trie 
profile B. At right angles to 1' 7', and through the numbered 
points of division, draw lines, which intersect by lines drawn at right 
angles to b d from similarly numbered intersections on the miter- 
lines a b and c d. Trace lines through the various points of inter- 
section in the pattern as shown. Then will C D E F be the recjuired 
cut for the ends of tlie panel. 

The same miter-cuts would l)e e:nployed for the long side o c in 
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Fig. 2S1, it heiiig necessary only to make I) E in Fig. 282 that length 
when laying out the patttern on the sheet metal. 

WTiere the miter-eut is recjuired for a panel whose angles are other 
than right angles, as, for example, a triangular panel as shown in Fig. 
2S3, then proceed as shown in Fig. 2S4. First draw the elevation of 
the triangular j)anel as shown by A B C, the three sides in the ease 
being e(jual. Bisect each of the angles A, B, and C, thus obtaining the 
miter-lines Ac, B /;, and C a. In line with the elevation, place in its 
proper position the pn)file 
E, which divide into ecjual 
spa<^es as shown; and fn)m 
the numbereil division 
points, parallel to A C, draw 
hnes cutting tlie miter-line 
C a. Fn)m these intersec- 
tions, parallel to C B, draw 
Hnes intersecting the miter- 
line 6 B. At right angles to 
r B draw the stretchout line 
r 7', upon which place the 
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stretchout of the profile E. Through the numbered points of divi- 
sion and at right angles to V 7', draw lines as shown, wliich intersect 
bylines drawn at right angles to C B from intersections of similar 
numbers on the miter-lines a C and b B. Through the points thus 
obtained, trace the pattern F G H I. 

It makes no difference what shape or angle the panel may have; 
the principles above explained are applicable to any case. 

In ornamental cornice work, it often happens that tapering mould- 
ed panels are used, a plan and elevation of which are shown in Fig. 285. 
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By referring to the plan, it will be seen that the four parts b a, a b\ V a', 
and a' h are symmetrical; therefore, in practice, it is necessary only to 
draw the one-quarter plan, as shown in Fig. 286, and omit the eleva- 
tion, since the height d e (Fig. 285) is known. Thus, in Fig. 286, draw 
the quarter-plan of the panel, no matter what is its shape, as shown 




Fig. 285. 

by a 1 5 6 9. Divide the cur\^es from 1 5 and 6 9 into equa- 
spaces, indicated respectively by 1, 2, 3, 4, and 5, and 6, 7, 8, and 9. 
From these points, draw lines to the apex a. As the pattern will be de- 
veloped by triangulation, a set of triangles will be required, as shown in 
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Fig. 280. 

Fig. 287, for which proceed as follows: Draw any horizontal line, as 
a 1 ; and from a erect the [)ei'pendicular a a' equal to the height the 
panel is to have. Now take the lengths of the various lines in Fig. 286 
from a to 1 , a to 2, a to 3, qXv,, to a to 9, and place them on the line a 1 in 
Fig. 287, a.s show^n by similar numbers. Then using as radii the various 
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Fig. 287. 
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lengths a' 1, a' 2, a' 3, etc., to a' 9, and with any point, as a' in Fig. 
288 as center, describe the various arcs shown from 1 to 9. From any 
point on the arc 1 draw a line to a\ Set the dividers ec|ual to the 

spaces ctmtaineil in the 
ciin'e 1 5 in Fig. 280; and, 
starting from 1 in Fig. 288 
step fn)m one arc to an- 
other having similar num- 
bers, as shown from 1 to 5. 
In similar manner, take the 
distance from 5 to 6 and 
the spaces in the cun^e 9 
in Fig. 286, and place them on corresponding arcs in Fig. 288, step- 
ping from one arc to the other, resulting in the points 5 to 9. Trace 
a line through the points^ 
thus obtained. Then 
will a/ 15 9 0' be the 
(juarter-pattern, which 
can be joined in one- 
half or whole pattern as 
desired. 

In Fig. 289 is shown 
a perspective of a mould- 
ing which miters at an 
angle other than a right angle. This occurs when a moulding is 
rec|uired for over a bay window or other stnicture whose angles vary. 

The rule given in Fig. 290 is apfalicable 
to any angle or profile. First draw a 
section or an elevation of the moulding 
as shown by A B 14 1. Directly below 
the moulding, from its extreme point, 
as 2 3, draw a {)lan of the desired 
angle as shown by C 2 D. Bisect this 
angle by using 2 as center and, with 
any radius, describing an arc meeting 
the sides of the angle at C and E. With the same or any other radius, 
and with C and E as centers, describe arcs intersecting each other in F. 
Fn)m the corner 2, draw a line through F. Tiicn will 2 H be the 
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miter-line, or the line bisecting the angle 21). Now divide the 
profile 1 14 into e()ual spaces as shown by the figures, and from the 
points thus obtained drop vertical Unes intersecting the miter-line 2 




Fig. 290. 
H in plan fmin 1 t«) 14 as shown- 
At right angles to C 2, draw tlie 
line J K, upon which platre the 
stretchout of the profile in elevation 
as shown hy similar figures on the 
stretchout line, through which drop 
lines i>cr])eiidicular to J K, which 
intersect witli lines ilrawn parallel 
til J K from similariy numl)ere<l 
'*"' "■ jMiints of intersection im the nntcr- 

line 2 II. Trace a line as shown l)y_ L M, which is the miter-nit 

desire.1. 

When two mouldings having difiVrent profiles are retjuireil tu 

miter tt>gether an shown iu Fig. 21H, where C miters at right angle- 
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with D, two distinct operations are necessary, which are clearly shown 
in Figs. 292 and 293. The first operation is shown in Fig. 292, in 
which C represents the elevation of an ogee moulding which is to 
miter at right angles with a moulding of different profile as shown at D. 

Divide the profile C into e(|ual 
2 spaces, from which points draw 
horizontal lines intersecting tiie 
moulding D from V to KX. At 
right angles to the line of the 
moulding C, draw the line A B, 
upon which place the stretchout 
of the profile C as shown by simi- 
lar figures on A B. At right 
angles to A B, and tlirough the 
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Fig. 292. 
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points indicated by the figures, 
draw lines, which intersect with 
lines draw^n parallel to A B from 
similarly numbered intersections 
in the profile I). Trace a line 
through the points thus obtained, 
as shown by E II. Then will E 
F G II be the pattern for C in 
elevation. 

To obtain the pattern for D, 
draw the elevation of D (Fig. 293), which is to miter at right 
angles with a moulding whose profile is C. Proceed in precisely 
the same manner as explained in connection with Fig. 292. Divide 
the profile D in Fig. 293 into equal parts, as shown, from 
which draw horizontal lines cutting the profile C. At right anglers 
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to the lines of the moulding D, draw tlie Htretolioiit line A It, upon 
which place the stretchout of the profile D. At right angles to A IJ, 
and tlirough the numlwred points of division, draw lines as shown, 
which intersect by lines drawn parallel to A B from similarly niiinhered 
intersections in tlie profile C, Through these points of intersection 
draw F G. Tlien will E F G II be the desireil pattern for I>. 

It should )>e understood that when the patterns in Figs. 202 and 
203 are fonne<l and joined together, they will fonn an inside miter, as 
is shown in Fig. 291. 
If, however, an outside 
miter were required, it 
would be necessary only 
to use the reverse cuts of 
the patterns in Figs. 292 
and 293, as shown by E J 
H in Fig. 202 for the 
mould C, an<i FJG in 
Fig. 29.3 for the mouklD. 

Wlien joining a 
cuiTed moulding with a straight moulding in either plan or eleva- 
tion even though the curved or straight mouldings each ha\c the 
same profile, it is necessiin,' to establish the true miter-line before 
the pattern can be correctly develo]>ed, an example being given in 
Fig 294, which shows an elevation of a cur\ed moulding which 
is intersectol bj the horizontal mouldings A B. The nietliod of ob- 
taining this miter-line, also the pattern for the horizontal pieces, is 
c'carlj shown in Fig. 205, First draw the pn)file which tlie horizontal 
moulding is to have, as 1 10. Let the di.slance 9 IJ be e.stablishe<l. 
Then, with C on the center line as <-entcr, and A (' as railius, describe 
the arc B A. From any point on the line B, as «, erect the vertical 
line a h. Through the variou.s divi.sions in tlie profile 1 10, draw 
horizontal lines inler.seeting the vertical line n'>from 1 tu 10 as shown. 
From the center C, draw any radial line, as C d, cutting the arc B A at c. 
Now take the various divisions on a h, and phwe them from eiod an 
shown by points 1' to 10'. llien, using (' as center, with radii deter- 
inine<l by the various points on e d, (I'-iw an-s inlersecti iig horizontal 
Iinesofsiinilarnuml)crs drawn tiirough the divisions on ab. Through 
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tliese points of intersection, draw the miter-line shown. The student 
will note that this line is irregular. 

Having obtained the miter-line, the pattern is obtained for the 
hori7X)ntal moulding by drawing tlie stretchout line E F at right angles 
to 9 B. On E F lay off the stretchout of the profile 1 10; and 
thn)ugh the numbered points and at right angles to E F, draw hori- 
zontal lines, which intersect with lines drawn at right angles to 9 B 

from similarly numbered in- 
tersec'tions in the miter-line 
detennined by horizontal lines 
already drawn through the 
vertical line a 6. Trace a line 
through the points thus ob- 
tained, a.s shown by H I J K, 
which is the desired pattern. 
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In Fig. 290 is shown a shaded view of a gable moulding intersect- 
ing a pilaster, the gable moulding B cutting against the vertical pilaster 
A, the joint-line being represented by a h c. To ol)tain this joint-line, 
without which the pattern for the gable moulding cannot be developed, 
an operation in projection is re<juired. This is explained in Fig. 297, 
in which BCD shows the plan of the pilaster shown in elevation by E. 
In its proper position in plan, place the profile of the gable moulding, 
as shown by A, whi(!h divide into ecpial spaces as shown by the figures 
1 to S, through which draw horizontal Hues intersecting the plan of tlie 
pilaster B C 1) as shown ]>y simihir figures. For convenience in pro- 
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jecting the various points, and to avoid a confusion of lines, number 
the intersections between the lines drawn from the profile A through 
the wa.sh B 2, ^7°", "4°", and 'S3°''. At the desired point H in eleva- 
tion, draw the lower line of the gable moulding, as H F. Take a 
tracing of the pn)file A 
in plan, with all of the 
various intersections on 
same, and place it in 
eleva ion as shown by 
AS placing the line 1 8 at 
right angles to H F. 
Through the various in- 
tersections 1, 7°, 4°, 3°, 
2, 3, 4, 5, 6, 7, and (S in 
A^ and parallel to F H, 
draw lines indefinitelv, 
which intersect l)v lines 
drawn at right angles to 
C B in plan from sim- 
ilarlv numbered intersec- 
tions in the pilaster CD 
B, thus obtaining the 
points of intersection l"^ 
to 8* in elevation. 

For the pattern, pn>- 
ceed as follows: At right 
angles to II F, draw the 
stretchout line J K, upon 
which place the stretch- 
out of the pmfile A or AS 
with all the points of in- ^ 

tersection on the wash ^^' " 

1 2. At right angles to J K, and through tlie numl)ered points, draw 
lines as shown, which intersect by lines drawn at right angles to II 
F from similarly numbered intersections in the joint-line I''' 8^ 
Thmugh the points thus obtained, trace the miter-cut M X O. Then 
will L M N O P be the pattern for the gable moulding. 

In Fig. 2()S 'dvv shown gable mouldings mitering upon a wash. The 
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mouldings A A intersect at any desired angle the wash B. In this case, 
as in the preceding problem, an operation in projection must be gone 
through, before the pattern can be obtained. This is clearly shown 

in Fig. 299. Draw the section of the 
horizontal moulding B^ with the wash 
a b. From this section project lines, 
and draw the part elevation D C. 
Fig. 298. Knowing the bevel the gable is to 

have, draw C B, in this case the top line of the moulding. Draw a 
section of the gable mould, as A, which di\ide into equal parts as 
.shown from 1 to 8; and through the point of division draw lines 
parallel to B C, indefinitely, as shown. Take a tracing of the profile 
A, and j)lace it in section as shown by A*. Divide A into the same 
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ELEVATION 
Fig. 299. 



number of spaces as A; and from the various divisions in A* drop 
vertical lines intersecting the wash a 6 as shown, from which points 
draw horizontal lines intersecting lines drawn parallel to B C 
through similarly numbered jx)ints in A, at 1° to 8°. Trace a line 
through these intersections as shown, which represents the miter-line 
or line of joint in elevation. 

For the pattern, draw any line as E F, at right angles to B C, upon 
which place tlie stretchout of the profile A, as shown by similar figures 
on the stretchout line E F. Thmugh the numbered ])oints of division 
and at riglit angles to E F, draw lines as sliown, which intersect by 
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Fig. 300. 



lines drawn at right angles to B C from similarly numbered intersec- 
tions on 1° 8° and on the vertical line B D. A line traced through 
points thus obtained, as shown by G II I J, will be the desired pattern. 

In Fig. 300 is shown a front view of a turret on which four gables 
are to be placed, as shown by A A; also the roofs 
over same, as shown by B B. Tlie problem con- 
sists in obtaining the developments of the gable 
mouldings on a square turret. In developing 
this pattern, the half-elevation only is recjuired, 
as shown in Fig. 301, in which first draw the 
center line E F; then establish the half- width of 
the turret, as C D, and draw the rake B C. At 
right angles to the line B C, and in its proper 
position as shown, draw the profile A, which 
divide into equal spaces as shown by the figures 
1 to 6, through which, parallel to B C, draw lines intersecting the 
center line F E as shown; and extend the lines below C, indefinitely. 
Now take a tracing of tlie profile A, and place it in position as 
shown by A^ being careful to have it spaced in the same number of 
divisions, as shown from 1 to 6, through which, parallel to D C, erect 
lines intersecting similarly numbered lines drawn through the profile 
A, thus obtaining the intersections 1° to 6°, through which a line is 
traced, which represents the line of joint at the lower end between 
the two gables. 

For the pattern, take a stretcliout of A, and place it on the line 
J K drawn at right angles to B C, as shown by the figures 1 to 6 on J K. 
At right angles to J K, and through these points of division, draw lines, 
which intersect by lines drawn from similarly numbered intersections 
on F B and P 6°. Trace a line through the points thus obtained, 
as shown by F^ B° C° 6°, which is the desired pattern, of which eight 
are required to complete the turret, four formed right and four left. 

If the roof shown by B in Fig. 300 is desire<l to be added to the 
pattern in Fig. 301, then, at right angles to F° 6°, draw the line F° F* 
equal to F H in the half-elevation, and draw a line from P to 6*^ in the 
pattern. 

In Fig. 302 is shown front view of an angular pediment with hori- 
zontal returns at bottom A and top B. In this problem, as in others 
which will follow, a change of profile is necessary before the correct 



311 



220 



SHEET MKIWI. W)UK 



pattern for the returns can he developed. In other words, a new pro- 
file must be developed from the given or nonnal profile before the pat- 
terns for the recjuired parts can be developed. It should be under- 
stood that all given profiles are always divided into equal spaces; there- 
fore the modified profiles will contain unecpial spaces, each one of 




HALF 
• ELEVATION 

Fig. 301. 

which must be carried separately onto the stretchout line. Bearing 
tliis in mind, we shall proceed to obtain the modified or changed pro- 
files and patterns for the horizontal returns at top and foot of a gable 
moulding, as at B and A in Fig. 302, the given profile to be placed in the 
gable moulding C. In Fig. 303, let C represent the gable moulding 
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placed at its proper angle with the horizontal moulding G H. Assum- 
ing that 0^ 6° is the proper angle, place the given profile A at right 
angles to the rake, as shown; and divide same into equal spaces as 
shown from 1 to 10, through which points, parallel to Cy^ 6°, draw lines 
towards the top and Iwttom of tlie 
raking moulding. Assuming that the 
length 6^ 6° is correct, take a tracing 
of the profile A, and place it in a ver- 
tical position below at A^ and alK)ve 
at A^, being careful to have the points 
f) and 6 in the profiles directly »n a ver- ^^^' ^^^• 

tical position below the points O'^ and 6°, as shown. From the va- 
rious intersections in the profiles A^ and A^ (which must contain the 
same number of spaces as the given profile A), erect vertical lines 
intersecting lines drawn through the profile A, as shown at the low^er 
end from P to 10^, and at the upper end from 1° to 1()°. Trace a line 
through the jx)ints thus obtained. Then will 1^ 10^ be the modified 
])rofile for the lower horizontal return, and 1® 10° the modified profile 
for the upper horizontal return. 

Note the difference in the shapes and spaces between these two 
modified profiles and the given profile A. It will be noticed that a 
portion of the gable moulding miters on the horizontal moulding G H 
from 0^ to 10'. 

For the pattern for the gable moulding, proceed as follows: At 
right angles to E F, draw the stretchout line J K, upon which place 
the stretchout of the given profile A, as shown by the figures 1 to 10 on 
J K. Through these figures, at right angles to J K, draw lines as 
shown, which intersect with lines drawn at right angles to E F from 
similarly nunibere<I intersections in 1° 10° at the top and P 6^- 
10' at the lower end. Trace a line thn)ugh the intersections thus ob- 
tained. Then will L M N O be the pattern for C. 

For the pattern for the horizontal return at the top, draw a side 
view as shown at B, making P R the dcvsired projection, and the profile 
1 10 on B, with its various intersections, an exact reproduction of 
1° 10° in the elevation. Extend the line R T as R S; and, starting 
from 10, lay ofl' the stretchout of the profile in B as shown by the figures 
1 to 10 on R S, being careful to measure each space separately. At 
right angles to R S draw the usual measuring lines, which intersect 
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by lilies ilrawn parallel to S U fmiii .similarly iniii'll>ere(l points in tlie 
profile ill B. Trace a line ttinmgh points thns obtained. Then will 
U V 10 1 be tiie pattern for the return B. 

In similar manner, draw the side view of the lower lioristontal 
retnni as shown at D, making the projection W 10 e(|iial to P R 




in B, Tlic pmiilc sliown fmni ! to 10 in 1), with all its divisions, is 
to be an exiirt nimKhiction of the pn)file 1* to HP in elevatii>n. Extend 
tlie line W X as X Y, ii[-.i)n which lay ofT the stre.tdiont of the pmfile 
I 10 in D, bciiif; careful that each space is meiLsiireil separately, 
OS they arc all iiiie<|nal. Ilmmch the figures on X V draw lines as 
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shown, which intersect by lines drawn parallel to W Y from the various 
intersections in the profile in the side D. A line traced through points 
thus obtained, as shown by Z V, will be the desired cut, and 1 Z 
V 10 the pattern for the return D. 

In Fig. 304 is shown a front view of a s^mental pediment with 
upper and lower horizontal returns. 
This presents a problem of obtaining 
the pattern for horizontal returns at 
top and foot of a segmental pediment, 
shown respectively at A and B, the 
given profile to be placed in C. The ^^^- '^^^■ 

principles used in obtaining these patterns are similar to those 
in the preceding problem, the only difference being that the mould- 
ing is curved in elevation. In Fig. 305 the true method is clearly 
given. First draw the center line B D, through which draw the horizon- 
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Fig. 305. 

tal line C O. From the line C C* establish the height E; and with the 
desired center, as B, draw the arc E C intersecting the line C^ C at C. 
In its proper position on a vertical line F G, parallel to D B, draw the 
given profile of tlie curved moulding as shown by A, which divide into 
equal spaces as shown from 1 to 10. Through these figures, at right 
angles to F G, draw lines intersecting the center line D B as shown. 
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Then, usin;^ B as center, with radii of various lengths corresponding 
to the various distances obtained from A, describe arcs as shown, ex- 
tending them indefinitely below the foot of the pediment. The point 
C or 6" being established, take a tracing of the pn)file A, with all the 
various points of intersection in same, and place it as shown by A-, 
being careful to have the point 6 in A^ come directly below the point 
G'^ in elevation in a vertical position. Then, from the various inter- 
sections in A^ erect vertical lines intersecting similarly numbered arcs 
drawn from the profile A. Trace a line as shown fmm V to 10", 
which is the modified profile for the foot of the cun-ed moulding. 

Establish at plea,<iire the point V at the top, and take a tracing 
of the given profile A placing it in a vertical jK)sition below 1', as 

shown bv A^ From the various 
intersections in A* erect vertical 
lines intersecting siinilariy num- 
f^\ bered arcs as before, l^'hrough 
these intersections, shown from 
1' to 10', trace the pmfile shown, 
which is the modified profile for 
the top return. 

'^riie curved moulding shown 

in elevation can be made either 

bv hand or by machine. The 

general method of obtaining the 

1 ig. 30(). blank or pattern for the curved 

moulding is to average a line through the extreme points of the 

profile A, as I J, extending it until it intersects a line drawn at right 

angles to D B from the center B, as B II, at K. 

We will not go into any further demonstration about this curved 
work, as tlie matter will be taken up at its proper time later on. 

To obtain the pattern for the upper and lower return mouldings, 
proceed in precisely the same manner as explained in connection with 
returns B ii.id 1) in Fig. 303. 

In iMg. 3(X) arc shown the plan and elevation of a gable moulding 

'm octagon plan. This problem should be carefully followed, as it 

presents an interesting study in projections; and the principles used in 

solving this are also applicable to other problems, no matter what 

angle t)r pitcli the gable has. By referring to t^e plan, it will be seen 
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that the moulding has an octagon angle in plan a b c, while similar 
points in elevation a' // c' jim on a rake in one line, the top and foot 
of the moulding butting against the brick piers B and A. 

The method of proceeding with work of this kind is explained in 
detail in Fig 307, where the principles are thoroughly explained. Let 
ABODE represent a plan view of the wall, over which a gable 
moulding is to be placed, as shown by G H IJ, the given profile of tlie 
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Fig. 307. 

moulding being shown by L M. Divide the profile into equal spaces 
as shown by the figures 1 to (S. Parallel to I H or J G, and through the 
figures mentioned, draw lines indefinitely as shown. Bisect the angle 
B C^ D in plan, and obtain tiie miter-line as follows : With C as center, 
and any radius, describe the arc N O. With N and O as centers, and 
any radius greater than C N or C O, describe arcs intersecting each 
otlier at P. From the point C, and through the intersection P, draw 
the miter-line (' Q. Transfer the pn)file I^ M in elevation to the posi- 
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tion shown by R S in plan, dividing it into the same number of spaces 
as L M. Through the figures in the profile II S, and parallel to D C, 
draw lines intersecting the miter-line C Q, as shown. From the inter- 
sections on the miter-line, and parallel to C B, draw lines intersecting 
the surface B A. Now, at right angles to C D in plan, and from tlie 
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Fig. 308. 

intersections on the miter-Une C Q, draw vertical lines upward, inter- 
secting linas of similar numbers drawn from points in profile L M in 
elevation parallel to J G. A line traced through points thus obtained, 
as shown from V to 8', will be the miter-line in elevation. 

For the pattern for that part of the moulding shown by C D E Q' 
in plan, and II (J S' V in elevation, proceed as follows: At right 
angles to 1 H in elevation, draw the line T F, upon which place the 
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stretchout of the profile T^ M, as sliowii by the figures 1 to 8. At right 
angles to T V, and through these figures, draw lines, as shown, which 
intersect with lines of similar nunihc's drawn at right angles to 1 H 
from intersections on the miter-line 1' S' and from intersections 
against the vertical surface H G. Twines traced thn>ugh points thus 
obtained, as shown by V W X Y, will be the pattern for that part of 
the gable shAwn in plan by C D E Q' of Fig. 307. 

In Fig. 30S, on the otlier hand, the position of the plan is changed, 
so as to bring the line A Q horizontal. At right angles to B C draw 
the vertical line C E, on which locate any point, as E. In the same 
manner, at right angles to C B, draw the vertical line B J indefinitely. 
From the point E, parallel to B C, draw the line E 8'', intersecting 
the line J B, as shown. Now take the distance fmm 8" to J in eleva- 
tion, Fig. 307, and set it off from 8" toward J in Fig. 308. Draw a line 
from J to E, which will represent the true rake for this portion of the 
moulding. Now take the various heights shown from 1 to 8 on the 
line Z Z in elevation in Fig. 307, and place them as shown by Z Z in 
elevation, Fig 308, being careful to place tlie point 8 of the 
line Z Z on the line 8" E extended. At right angles to Z 
Z, and from points on same, draw lines, which intersect 
with lines drawn at right angles to B C from intersec- 
tions of similar numbers on C Q in plan. A line traced 
through points tlius obtained, as shown by D E in eleva- 
tion, will be the miter-line on C Q in plan. 

From the intersections on the raiter-line D E, and 
parallel to E J, draw Unas, w^iich intersect with lines J//\\ 
drawn from intersections of similar numbers on A B in ^f \y 

plan at right angles to B C. A line traced through points U U 

tlius ()])tained, a^ shown by F J, will be the miter-line ^'^S- ^^- 
or line of joint against the pier shown in plan by B A. 

Before obtaining the pattern it will be necessary to obtain a true 
section or profile at right angles to the moulding F D. To do so, pro- 
ceed as follows: Transfer the given profile L ^I in elevation in Fig. 
307, witli the divisions and figures on same, to a position at right angles 
to F D of Fig. 308, as shown at L. At right angles to F D, and from 
the intersections in the pmfile L, draw lines intersecting those of simi- 
lar numbers in F D E J. Trace a line through intersections thus ob- 
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tainecl, as shown fn)in 1 to S, thus giving the pn>file M, or tnie sections 
at right angles to F D. 

For the pattern, proceed as follows: At right angles to F D, 
draw the line H K, upon which j)lace the stretchout of the profile M, as 
shown by the figures. At right. angles to II K, and through the figures, 
draw lines, which intersec^t with tliose of similar numbers drawn at 

/ 1 \ 





Fig. 310. Fig. 311. 

right angles to F 1) fn)in points of intersection in the miter-lines D E 
and J F, as shown. Lines traced through points thus obtained, as 
shown by N () P U, will be the pattern for the raking moulding shown 
inplan, Fig. :^()7, by AB C Q\ 

In Fig. 3()^) is shown a view of a spire, s((uare in })lan, intersecting 
four gables. In j)ractice, each side A is developed separately in a 
m'anner shown in Fig. 310, in which first draw tlie center line through 
the center of the gable, as E F. Ivstablish points B and C, from which 
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draw lines to the apex F. At pleasure, establish A D. At right angles 

to F E, and from B and J, draw the lines B H and J K respectively. 

For the pattern, take the distances B K, K A, and A F, and place them 

as shown by similar letters 

on the vertical line B F in ^ 

Fig. 311. At right angles 

to B F, and through points 

B and A, draw lines as 

shown, making B H and B 

IP on the one hand, and 

A X and A O on the other 

hand, e<|ual respectively to 

B H and A N in elevation in 

Fig. 310. Then, in Fig. 
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311, draw lines from N to H to K to ff to O, as shown, which repre- 
sents the pattern for one side. 

In Fig. 312 is shown a perspective view of a drop B mitering 
against the face of the bracket C as indicated at A. The principles 
for developing this problem are explained in Fig. 313, and can be ap- 
plied to similar work no matter what the profiles of the drop or bracket 
may be. T^et A B C D E represent the face or front view of the bracket 
drop, and F H G I the side of the drop and bracket. Divide one-half 
of the face, as D C, into equal spaces, as shown by the figures 1 to 7 
on either side, from which points draw horizontal lines crossing H G 
in side view and intersecting the face H I of the bracket at points 1' to 
7\ In line with II G, drawthe line J K, upon whicli place the stretch- 
out of tlic pn)filc BCD, asshown by I to 7 to 7 to 1 on J K. At right 
angles to J K, draw the usual measuring lines as shown, which inter- 
sect by lines drawn parallel to J K from similarly numbered intersec- 
tions on II I. Trace a line through the points thus obtained. Then 
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will J K r> \>e the pattern fur the return of tlie drop on the fat-e of the 
hrarket. 

In Kin- ^14, A shows a raking bracket placed in a giihle nionlrling. 

Wienl)racketsare])lace() in a vertical position ill any raking niouliHng, 

tiiey are called "raking" brackets. B re]>reseiits a raking liracket 

placed at the center of the giihle. 'niepatterns which will Iietlevelop- 

ed for the bracket A are ulsimsed forll, the cuts being similar, tlieonly 

<liffcren(v being that one-half the 

width of the bracket in B is 

f()nned right and the other half 

left, the two halves being then 

joined at the angle as shown. 

Ill Fig. ;il"i are shtiwn tiic 
principles eiii[>loyeil for obtain- 
ing the patlern.s for the side, 
face, sink strips, cap, and returns 
for a raking bracket. These 
princi}tlcs can be applied to any 
"'^ ■ fomi or angle in the bracket or 

gable iiiouhhng respectively. Let S V V T represent part of a 
fnmt elevation of a raking cornice ])laced at its |»ro|>er angles with 
any [)er[»eiidiciilar line. In its proper position, draw the outline of the 
face of the bracket ils shown by E G M (). Also, in ils jiniper position 
as shown, draw the normal ])rofile of the side of the bracket, indicatetl 
by (>-V-Z-lo; the nonnal pn)file of the cap-mould, ius \\ and X; and 
the nonnal pnilile of the sink strip, as indicated by 10 10' IT/ 15. 
Complelo the fnmt elevation of the bracket by ilrawing lines par- 
allel to K () fn)m points 7 and 9 in the nonnal profile; and estahli.sh 
at pleasure the widtli of the sink strip in the faie of the bracket, as at 
J K and L H. To complete the fnmt elevation of the caiMiumld of 
the bracket, pmceed a-s follows : Extend the lines < I V. and M ( ) of the 
front of the brackets, as .shown by E I! and (> (>, in which, in a vertical 
position as shown, place duplicates [W, AV-) of (he nonnal pniiiles W 
and X, divided into c<|ua! sjmces as shown by the figures I to (i in W 
anil AV-. I'nmi these intersections in AV and W-, dn)|> vertical lines, 
which intersect by lines drawn parallel t() E (> from similarly numbered 
intersections in X, and trace lines thniiigh the p<)ints thus ol>taine<l. 
Then will U E ami 1' represent ics])ecti^ ely the true ele\atioiis, also 
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the true profile';, for the returns at top and font of the cap of the raking 
bracket. 

Now divhie the normal profile of the bracket iiiti) djUiLl spaces, a.s 
shown by tlie figures 6 to 15, through which, parallel to E O, draw \wes 
intersecting the normal sink pn)file from 10' to 15' and the face lines 
of the bracket EFG. -Ill, KL, an.l ONM. ;ls isliown. To obtain the 
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tnie profile fur the side of tlie bracket uii tlic lines ()M and CiK, ])n,- 
ceed as follows : Parallel to OM, draw any line, as V Z' ; and at right 
angle.s to OM, and from the various intersections on the same, draw 
lines indefinitely, crossing to the line V Z' as shown. Now, nieiLsuring 
in each instance from the line YZ in the nonnal profile, take the various 
distances to |K»ints (i to l.j and 15' to 10', and place them on similarly 
numhere<! lines measuring in each and everj- iiistantre from the line 
y Z\ thus obtaining the points (i''to 15' and 15" ti) 10", jls shown. 
Trace a line thmngh the p .inis thus obtaineil. Then will Y' 0' 
7' 9' 10' 15' Z' be the pattern for the side of the raking bracket. 
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and 10' 10" 15'' lo' tlie pattern for the sink strip shown by the 
lines K L and H J in the front. 

For the pattern for the face strip B, draw any line, as A* B', at 
riglit angles to G M, upon which place the stretchout of 10 15 in the 
nonnal pwfile, a.s shown fn)ni 10 to 15 on A^ B*. Through these 
points, at right angles to A^ BS draw lines as shown, which intersect 
with lines drawn from similar intersections on the lines F G and II J. 
Trace a line thn)ugh points thus ol)taine<l as shown by F° (1° 11° J®, 
which will he the pattern for the face B, B. 

For tlie pattern for the sink-face (\ draw C^ I)' at right angles to 
GM, ujKm which ])lace the stretcliout of 10' 1"/ in the nonnal pmfile 
as shown from 10' to 15' on C^ 1)', through which, at right angles to 
C I)\, draw lines, which intersect by 
lines drawn from similar intersections 
on K I^ and H J. Trace a line through 
the points so obtained as J° K° I.° 11°, 
which is the pattern for the sink- 
face r. 

The pattern for the cap 1) and 
the face A will be developed in One 
piece, by drawing at right angles to 
EC) the line E^ F^ At right angles 
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to E' F', and through the figures, draw lines, which intersect with lines 
drawn at right angles to EO from similarly numbered intersections on 
REF and NOP. A line traced through the points thus obtained, as 
shown by 11° E° F° and N° 0° I^ will be the pattern for D and A. 

For the patterns for the cap returns R E and O P, draw any line 
at right angles to 1 1 in the normal profile, as H^ G', u]X)n which 
place the stretchouts of tlie ])rofiles R E and O P, being careful to carry 
each space se{)arately onto the hue H* G^ as shown respectively by 
iV V^ and i)^ P. Through these points draw lines at right angles to 
(V IP, which intersect by lines drawn at right angles to 1 1 from 



324 



SHEET ?^IETAL WORK 



233 



similar iiumhers in W and X. Trace lines through the points thus 
obtained. Then will N^ ()' R* S^ be the pattern for the lower return 
of the cap, R E; while J* M* L* K^ will be tlie pattern for the upper re- 
turn, P O. 

In Y'lg. 31G is shown a perspective view of a gutter or eave- 
trough at an exterior an;;le, for wliich an outside miter would be re- 
(|uired. It is immaterial what shape the gutter has, the metliod of 
obtaining tl^e pattern for the nn'ter is the same. In Fig. 317 let 1 9 
10 represent the section of the (nive-trough with a bead or wire 
edge at a h c; divide the wire edge, including tlie gutter and flange, into 
an tHjual number of spaces, as sliown bv the snuill divisions d to 1 to 9 
to 10. Draw any vertical line, as 
A B, upon whicli place the stretch- 
out of the gutter as shown by simi- 
lar letters and numbers on A B, 
through which, at right angles to 
A B, draw lines, which intersect bv 
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lines drawn parallel to AB fnnn similar points in the section. Trace 
a line through the points thus obtained. Then will V I) E F be the 
pattern for the outside angle shown in Fig. 31(). 

If a j>attern is reciuired for an interior or inside angle, as is shown 
in Fig. 318, it is necessary' only to extend the lines C 1) and F E in the 
pattern in Fig. 317, and draw any vertical line, as J II. Then will J D 
E H be the pattern for the inside angle shown in Fig. 318. 

In Fig. 319 are shown a plan and elevation of a moulding which 
has more pn)jection on the fn)nt tlum on the side. In other words, A B 
represents the plan of a brick pier,* around which a cornice is to be 
constructe<l. '^llie projection of the given ])n)file is e(|ual to C, the 
])n)HIe in elevation being shown by C^ The projection of the front 
in plan is also ecjual to (^, as shown by VK The projection of the left 
side of the cornice should be only as mucli as is shown by D in plan. 
This re(juires a change of profile thmugh 1), as shown by D^ To ob- 
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tain tliis tnie profile and tlie varions patterns, proceed as shown in 
Fig. 320, in which A B C 1) represents tlie plan view of the wall, against 
which, in its proper ix)sition, the pnifile E is place<l and di^Hded into 
e<|nal spaces, as shown by the figures 1 to ]2. Through 1 2, par- 
allel to C D, draw G F. Locate at pleasure tlie projection of the re- 




Fifi. 320. 
turn mould, as B H, and draw II (r parallel to II (', intersecting F G 
at ( i . ] )raw the niiter-liiie hi plan, (J C. Fn)ni the various divisions 
in the pn)file E, draw liiie.s parallel to C I), intcr.setling the miter-line 
C as shown. From these intersections, erect vertical lines indefi- 
niteh', as sliowu. Parallel t" these lines erect the line K J, upon which 
place a duplicate of the pnifile F, with the various divi.sions on same, 
a* .shown l)^- E'. Tlmmgli tlicsc divisions draw horizontal hnes in- 
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tersecting the similarly numbered vertical lines, a,s shown by the in- 
tersections 1^ to 12\ Trace a line through these points. Then will 
F^ be the true section or profile on H B in plan. 

For the pattern for the return H G C B in plan, extend the line 
B A, as B M, upon which place the stretchout of the profile F^ being 
careful to measure eadi' space separately (as they are unequal), as 
shown by figures 1' to 12' on M B. 

At right angles to this line and through the figures, draw lines, 
which intersect by lines drawn at right angles to H G from similar 
points on C G. Trace a 
line through the points 
thus obtained. Then 
will W G' O B' be the 
pattern for the return 
mould. 

The pattern for tlie 
face mould GCDF is 
obtained by taking a 
stretchout of the pn)file 
E and placing it on the |< — ^^^^ . ^jj^y j 
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Fig. 321. 



Fig. 322. 



vertical line P O, as shown by similar figures, through w^hich, at 
right angles to P (), draw lines intersecting similarly numbered lines 
previously extended from C G in plan. Trace a line through these 
intersections. Then will 1 B^ CM 2 be the miter j)attem for the face 
mould. 

In Fig. 321 is shown a perspective view of a gore piece A joined 
to a chamier. This presents a problem often arising in ornamental 



S27 



236 



SHEKT MKTAI. AVOUK 




PATTERN 
FOR GORE 



sheet-metal work, the (le\ elopinent of which is given in Fig. 322. J jet 
A B C I) sliow the elevation of the comer on which a gore piece is re- 
(jiiired. II 7' E in plan is a section througli C I), and E F G H is 
a section thn)ugh X I, all pn)jecte(l from the elevation as show^n. The 
profile 1 7 can be drawn at pleasure, and at once he(*omes the pattern 
for the sides. Now divide the profile 1 7 into an ecjual number of 
spaces as shown, fn)m which drop vertical lines onto the side 7' E 
in plan, as sliown fnnn 1' to 7'. Fn)m these points draw lines parallel 
to F (J, intersectim^ the opposite side and crossing the line 7' 1" 

(wliich is drawn at right angles to F G 
fnmi 7') at V 2" 3^' 4^^ .V 0". Draw any 
line parallel to C I), as K J, upon which 
place all tlie intersections contained on 7' 
1" in plan, as shown by 1° to 7° on K J. 
From these ])()ints erect per|)endicular lines, 
whidi intersect bv lines drawn from siini- 
larly nunibere<l points in elevation parallel 
to C D. Thmugh the [K)ints thus obtained 
trace a line. Then will V to 7^ be the true 
j)r()file on 7' 1" in j)lan. 
For the j)attem for the gore, draw any vertical line, as A B in Fig 
323, upon which place the stretchout of the pmfile V 7^' in Fig. 322, 
as shown by similar figures on A B in Fig. 323. At right angles to AB, 
and thn)ugli the figures, draw lines as sliown, Now, measuring in 
each instance from the line 7' 1" in plan in Fig. 322, take 
the various distances to j)()ints V to 7', and place them 
in Fig. 323 on similarly numbered lines, measuring in 
each instance from the line A B, thus locating the points Fig. 324. 
shown. Trace a line tlirough the points thus obtained. Then will 
F G 7 be the pattiM'u for the gore shown in plan in Fig. 322 

bv FG 7'. 

In Fig. 324 is shown a face view of a six-pointed star, which often 
arises in cornice work. No nuitter how many points the star has, the 
|)rinciples wliich arc explained for its development are ai)plicable to 
anv size or sliape. Triangulation is employed in this problem, as 
shown in Fi<r. 32."). First draw the half-outline (;f the star, as shown bv 
A B C I) E F (i. Al)ove and parallel to the line A(J, draw JH of 
similar length, as shown. Draw the section of the star on A (i in plan, 
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as shown by J K H. Project K into plan as shown at I, and draw the 
initer-Hnes B I, C I, D I, E I, and F L As K H is the true lengtli on 
I Cr, it is necessary that we find the true length on I F. Using I F as 
radius and I a.s center, draw an arc intersecting I G at a. From a 
erect a line cutting J H in section at h. 
Draw a Hne from b to K, which is the 
true length on I F. 

For the pattern, proceed as 
shown in Fig. 326. Draw any line, 
as K H, equal in length to K H in Fig. 
325. Then, using K 6 a.s radius and 
K in Fig. 326 as center, describe the 
arc b b, which intersect at a and a by 
an arc (r G struck from H as center 
and with F G in plan in Fig. 32,') as 
radius. Draw lines in Fig. 326 from 
K to a to H to a to K, which will be the pattern for one of the points 
of the star of which 6 are recjuired. 

When bending the points on the line HK, it is necessarv to have a 
stay or profile so that we may know at what angle the bend should be 
made. To obtain this stay, erect from the corner B in Fig. 325 a line 
mtersecting the ba^e-line J H at c, from which point, at right angles to 
J K, draw c d. Using c as center, and c rf as radius, strike an arc inter- 
sectmg J II at e. From e drop a vertical line meeting A G in plan at 

d\ Set off / B* ecjual to i B, and draw a line 
from B to d' to BS whidi is the true profile 
after which the pattern in Fig. 326 is to be 
bent. If the stay in Fig. 325 has been cor- 
rectly developed, then d' B* or d' B must equal 
e a in Fig. 326 on both sides. 

In Fig. 327 is shown a finished elevation 
of a hipped roof, on tlie four c^Drners of which 
a hip ridge A A butts against tlie upper base B 
and cuts off on a vertical line at the bottom, as C and C. To obtain 
the tnie profile of this hip ridge, together with the top and lower cuts 
and the patterns for the lower heads, proceed as shown in Fig. 328, 
where the front elevation has been omitted, this not being necessary! 
as only the part plan and diagonal elevation are lequired. First draw 
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l'i«. 327. 



the part plan as shown !)y A B C 1) K F A, placing the hip or diagonal 
line F C in a horizontal position; and make the <listanc^s between the 
lines F A and (' B an<l between F K and C I) equal, l^ecause the roof 
in this ease has ecpial pitch all around. (The same principles, how- 
ever, would be used if the mofs had unecpial pitches.) Above 

the plan, draw the line 
G n. From the points 
F and C hi plan, erect 
the lines F G and C I, 
extending C I to C* so 
that I C* will be the re- 
quired height of the roof 
above G I at the point 
C in j)lan. Draw a line 
from G to C*, and from 
C^ draw a horizontal and 
vertical line indefinitely, 
as shown. Then will I (i C* be a tnie section on the line of the 
roof on F C in j)lan. 

The next step is to obtain a true section of the angle of tlie roof at 
right ancrjes to tlie liip line G C* in elevation. This is done by drawiiig 
at right angles to F C in plan, any line, as a t, intersecting ths lines 
F A and F* E as shown. Extend a h until it cuts the base-line G I in 
elevation at r. From r, at right angles to G CS draw a line, as c cf , 
intersecting G C* at d. Take the distance c rf, and place it in plan on 
the line F (\ measuring from / to d'. Draw a line frcmi a to d' to 5, 
which is the true angle desired. On this angle, construct the desired 
shape of t!ie hip ridge as sliown by J, each half of which di\ide into 
etjual spaces, as sliown by the figures 1 to (> to 1. As the line G C* rep- 
resents the line of the roof, and as the point rf' in plan in the tnie angle 
also represents that line, tlien take a tracing of the profile J with the 
various points of intersection on same, together with the true angle 
ad' h, and place it in the elevation as shown by J* and a' d" h\ being 
careful to place tlic point d" on tl:e line (i O, making a' V parallel to 
G ('^ From tlic various points of intersection in the profile J, draw 
lines parallel to F (.', intersecting B C and A F at points from 1 to 6, 
as shown. As botli sides of the profile J are sjinmetrical, it is necessary 
onlv to draw lines through one-half. 
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In similar manner, in elevation, parallel to G C, draw lines 
through the various intersections in J', which intersect by lines drawn 
at right angles to F C in plan from similarly numbered points on A F 




Fig. 32S. 

ami BC. Trace a line through the points thus obtained. Then will 

K L be the miter-line at the bottom, and M N the miter-line at the top, 

For the pattern, draw any line, as O P, at right angles to G C, 
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upon which place the stretchout of J in plan or J^ in elevation, as shown 
by the figures 1 to 6 to 1 on () P; and through these numbered points, 
at right angles to O P, draw lines, which intersect by lines drawn at 
right angles to G C* from similar intersections in the lower miter-line 
K L and upper miter-line N M. Trace a line through the points thus 
obtained. Then will R S T U be the desireil pattern. 

In practice it is necessary only to obtain one miter-cut — either the 
top or the bottom — and use the reverse for the opposite side. In other 
words, U T is that part falling out of R S, the sam,e as R S is that part 
which cuts away from U T. The upper miter-cut butts against B in 
Fig. 327; while the lower cut requires a flat head, as shown at C. To 
obtain this flat head, extend the line I G in Fig. 328, as I W, upon 
which place twice the amount of spaces contained on the line A F in 
plan, as 6, 3 — 5, 4, 1, 2, as shown by similar figures on either side of 
6 on the line V W. From these divisions erect vertical lines, which 
intersect by lines drawn parallel to V W from similarly numbered 

intersections in the miter-line 
K li G. A line traced through 
the points thus obtained, as 
shown by X Y Z, will be the 
pattern for the heads. 

^^^lere a hip ridge is re- 
quired to miter with the apron 
of a deck moulding, as sho\vTi 
in Fig. 329, in which B repre- 
sents the aj)n)n of the deck cornice, A and A the hip ridges mitering 
at a and a, a slightly different process from that described in tlie 
preceding problem is used. In this case the part elevation of the 
mansard roof must first be drawn as shown in Fig. 330. Let ABC 
K represent the part elevation of the mansard, the section of the 
deck moulding and apron being shown by D B E. Draw E X par- 
allel to B C. E X then represents the line of the roof. In its proper 
position, at right angles to B C, draw a half-section of the hip mould, 
as shown by F G, which is an exact reproduction of B E of the deck 
mould. Through the comers of the hip mould at Y and G, draw 
lines parallel to B C, which intersect by lines drawn parallel to B A 
from V, W, and E in the deck cornice. Draw the miter-line H I, 
which completes the part elevation of the mansard. 




Fig. 329. 
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Before the patterns can be obtained, a developed surface of the 
mansard must be drawn. Therefore, from B (Fig. 330), drop a ver- 
tical line, as B J, intersecting the line C K at J. Now take the dis- 
tance of B C, and place it on a vertical line in Fig. 331, as shown by 
B C^ '^Through these two points draw the horizontal lines B A and 
C K as shown. Take the projection J to C in Fig. 330, and place it as 

Dl 
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Fig. 330. 
shown from C* to C in Fig. 331, and draw a line from C to B. Then 
will A B C K be the developed surface of A B C K in Fig. 330. 

As both the profiles B V W E and F Y G are similar, take a tracing 
of either, and place it as shown by D and D* respectively in Fig. 331. 
Divide both into the same number of equal spaces, as shown. Bisect 
the angle A B C by establishing a and 6, and, using these as centers. 
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by describing arcs intersecting at c; then draw d B, whicii represents 
the miter-line. Through the points in D and D*, draw lines parallel 
to their respective moulds, as shown, intersecting the miter-line B d 
and the base-line C C*. 

For the pattern for tlie hip, draw any line, as E F, at right angles 
to B C, upon which place twice the stretchout of D, as shown by the 
divisions 6 to 1 to () on EF. Thmugh these divisions draw lines at 
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right angles to E F, intersecting similarly numbered lines drawn at 
right angles to B C from the divisions on B d and C C^ Trace a line 
through the points thus obtained. Then will G H J L be the pattern 
for the hip ridge. 

Wlien bending thi:i ridge in the machine, it is necessarj' to know 
at what angle the line 1 in the pattern will be bent. A true section 
must be obtained at right angles to the line of hip, for which proceed as 
shown in Fig. 330. Directly in line with the elevation, construct a 
part plan L M N O, through which, at an angle of 45 d^rees (because 
tlie angle L O N is a right angle) , draw the hip line O M. Establish at 
pleasure any point, as P^ on O ]\I, from which erect the vertical line 
into the elevation crossing the base-line C K at P and the ridge-line 
C B at R. Parallel to O M in plan, draw O* P^ equal to O PS as 
shown. Extend P^ P^ as P^ R^ which make equal to PR in elevation. 
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Draw a line fmm R^ to O^ Then O^ R* P^ represents a true section on 
OP^ in plan. Through any point, as a, at right angles to OM, draw 
bcy cutting L O and ON at b and c respectively. Extend b c until it 
intersects O* P at d. From d, at right angles to O^ RS draw the line 
d e. With d as center, and cfe as radius, draw the arc e e', intersecting 
O* P at e\ from which point, at right angles to OM in plan, draw a 
line intersecting OM at e^. Draw a line from 6 to ^' to c, which repre- 
sents the true section of the hip after which the pattern shown in Fig. 
331 is formed. 

The pattern for the deck mould D B in Fig. 330 is obtained in the 
same way as the square miter shown in Fig. 277; while the pattern for 
the apron D* in Fig. 331 is the same as the one-half pattern of the hip 
ridge shown by ti H 1 6. 

In Fig. 332 is shown a front elevation of an eye-brow dormer. In 
this view ABC represents the front view of the dormer, the arcs being 
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Fig. 332. 

struck from the center points D, E, and F. A section taken on the 
line H J in elevation is shown at the right; li M shows the roof of the 
dormer, indicated in the section by N ; while the louvers are shown in 
elevation by O P and in section by RT. 

In Fig. 333 is shown how to obtain the various patterns for the 
various parts of the dormer. ABC represents the half-elevation of the 
dormer, and EFG a side view, of which EG is the line of the dormer 
EF that of the roof, and GF the line of the pitched roof against which 
the dormer is required to miter. 

The front and side views being placed in their proper relative 
positions, the first step is to obtain a true section at right angles to EF. 
Proceed as follows: Divide the cur\e A to B into a number of equal 
spaces, as shown from 1 to 9. At right angles to A C, and from the 
figures on A B, draw lines intersecting E G in side view as shown. 
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From these inlerse<tii>ns, an<l parallel to EF, ilraw lines intersecting 
the roof-line GF at P, 2=, 3'^, etc. Parallel to EF, and from the point 
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G, draw any line indefinitely, as G II. At right angles to EF, and 

from the point E, ilraw the line EH, intersecting lin?.s pr:>viDv.dy drawn, 
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at V, 2', 3S etc., as shown. Now take a duplicate of the line E H, with 
the various intersections thereon, and place it on the center line AC 
extended as K J. At right angles to KJ, and from the figures V, 2', 3^, 
etc., draw lines, which intersect with those of similar numbers drawn 
at right angles to CB, and from similarly numbered points on the curve 
A B. Trace a line through the points of intersection thus obtained. 
Then KLM J will be one-half the true profile on the line E H in side 
view, from which the stretchout will be obtained in the development 
of the pattern. 

For the pattern for the roof of the dormer, draw at right angles 
to EF in side view the line N O, upon which place the stretchout of 
one-half the true profile on the line EH as shown by the small figures 
]*, 2*y 3*, etc. Then, at right angles to N O, and through the figures, 
draw lines, which intersect with those of similar numbers drawn at 
right angles to EF from intersections on EG and GF. Trace a line 
through the points thus obtained. Then will PRST represent one- 
half the pattern for the roof. 

To obtain the pattern for the shape of the opening to be cut into 
the roof, transfer the line GF, with the various intersections thereon, 
to any vertical line, as I^V, as shown 
by the figures P, 2**, 3®, etc. In 
similar manner, transfer the line 
CB in front view, with the various 
intersections on same, to the line 
ZW, drawn at right angles to LTV, 
as shown by the figures 1, 2, 3, etc. 
At right angles to UV, and from 
the figures, draw lines, which in- 
tersect with those of similar num- 
bers drawn at right angles to YZ. 
Through these points, trace a line. 
Then will UXYZ be the half-pattern for the shape of the opening 
to be cut into the main roof. 

For the pattern for the ventilating slats or louvers, should they 
be required in the dormer, proceed as shown in Fig. 334. In this 
figure, A B C is a reproduction of the inside opening shown in Fig. 333. 
Let 1, 2, 3, 4, 5 in Fig. 334 represent the sections of the louvers which 
will be placed in this opening. As the methods of obtaining the pat- 
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terns for all louvers are alike, the pattern for louver No. 4 will illus- 
trate the principles employed. Number the various bends of louver 
No. 4 as shown by points 6, 7, 8, and 9. At right angles to A B, and 
from these points, draw lines intersecting the curve A C as 6S 7*, 4^ 8^, 
and 9^ On B A extended as E D, place the stretchout of louver No. 4, 
as shown by the figures on ED. Since the miter-line AC is a cun^e, 
it will be necessary to introduce intermediate points betv^'een 7 and 8 
of the profile, in order to obtain this curve in the pattern. In this 
instance the point marked 4 has been added. 

• 

Now, at right angles to DE, and through the figures, draw lines, 
which intersect with those of similar numbers, drawn parallel to AB 

from intersections 6* to 9* 
on tile curve AC. A line 
traced through the points 
thus obtained, as FKJH, 
will be the half-pattern 
for louver No. 4. The 
pattern for the face of 
the dormer is pricked 
onto the metal direct 
from the front view in 
fMfUiiuaat Fig. 333, in which A 8 
B C is the half-pattern. 
In laying out the 
patterns for bay window 
work, it often happens 
that each side of the window has an unequal projection, as is shown 
in Fig. 335, in which DEF shows an elevation of an octagonal base of 
a bay window having unecjual projections. All that part of the bay 
above the line AB is obtained by tiie method shown in Fig. 290, while 
the finish of the bay shown by ABC in Fig. 335 will be treated here. 
In some cases the lower ball C is a half-spun ball. A^ B* F* is a true 
section through A B. It will be noticed that the lines Ca, Cc, and Of, 
drawn respectively at right angles to ai, 6c, and cd, are each of different 
lengths, thereby making it necessary to obtain a true profile on each 
of these lines, before the patterns can be obtained. This is clearly 
explained in connection with Fig. 336, in which only a half-elevation 
and plan are required as both sides are symmetrical. First draw the 
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center line AB, on which draw the half-elevation of the ba^je of the 
bay, as shown by CDE. At right angles to AB draw the wall line 
in plan, as FK; and in its proper position in relation to the line CD in 
elevation, draw the desired half-plan, a^ shown by GHIJ. From the 
comers H and I draw the miter-lmes HF and IF, as shown. As DE 
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Fig. 336. 

reprasents the given profile through FG in plan, then divide the profile 
1)E into an equal number of spaces as shown by the figures 1 to 13. 
From tliese points drop vertical lines intersecting the miter-line FH 
in plan, as shown. From these intersections, parallel to HI, draw- 
lines intersecting the miter-lines IF, from which points, parallel to IJ, 
draw lines intersecting the center line FB. Through the various 
points of intersection in DE, draw horizontal lines indefinitely right 
and left as shown. 
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If for anv reason it is <lesire<l to show the elevation of the miter- 
line FI in plan (it not being necessarj- in the development of the pat- 
tern), then erect vertical lines from the various intersections on FT, 
intersecting similar lines in elevation. To avoid a confusion in the 
drawing, tliese lines have not been shown. Trace a line through 
points thus obtained, as shown by D* 13, which is the desired miter- 
line in elevation. 

Tlie next step is to obtain the true profile at right angles to HI 
and IJ in plan. To obtain the true pmfile through No. 3 in plan, take 
a tracing of J F, with the various intersections thereon, and place it on 
a line drawn parallel to (^I) in elevation, a,s J* F*, with the intersections 
1 to 13, as shown. From these intersections, at right angles to J' P, 
erect lines intersecting similar lines drawn through the profile DE in 
elevation. Trace a line thn)ugh the i)oints thus obtaineil, as shown 
by 1' to 13', which represents the true pn)file for part 3 in plan. At 
right angles to IH in plan, draw any line, as ML, and extend the va- 
rious lines drawn parallel to III until they intersect LM at points 1 to 
13, as shewn. 

Take a tracing of LM, with the various points of intersection, 
and place it on any horizontal line, as L* M*, as shown by the figures 
1 to 13, fnmi w^iich, at right angles to L^ M*, erect vertical lines inter- 
sectmg similarly numbered horizontal lines drawn through the profile 
I)E. Trace a line through the points thus obtained. Then will 
1"— 13" be the true pn)file through No. 2 in plan at right angles to HL 

For the j)attern for No. 1 in plan, extend the line FK, as NO, upon 
which place the stretchout of the pn)file 1)E as shown bv the figures 
1 to 13 on NO. At right angles to NO, and fmm the figures, draw 
lines, which intersect with lines (partly shown) drawn parallel to FG 
from similar intersections on the miter-line FH. Trace a Une through 
the points thus obtained; tiien will 1 P 13 be the pattern for part 1 
in plan. 

At right angles to II I, draw any line, as T U, upon which place 
the stretchout of profile No. 2, being careful to measure each space 
separately, as they are all unwjual, as shown by the small figures l'^ to 
13" on TV. Through these figures, at right angles to TU, draw lines 
as shown, which intersect by lines (not shown in the drawing) drawn 
at right angles to I H fn)m similar points on the miter-lines HF and FI. 
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Trace a line through the points thus obtained. Then will V W X he 
the pattern for part 2 in plan. 

For the half-pattern for part 3 in plan, extend the center line A B 
in plan as B R, upon which place the stretchout of the true profile for 
3, being careful to measure each space separately, as shown by the 
figures 1' to 13' on BR. At right angles to B R draw lines through 
the figures, which intersect by lines drawn at right angles to J I from 
similar points of intersection on the miter-line F I. A line traced 
through points thus obtained, as 1' S 13', will be the half-pattern 
for part 3. 

DEVELOPMENT OF BLANKS FOR CURVED MOULDINGS 

Our first attention will be given to the methods of construction, 
it being necessary that we know the methods of construction before 
the blank can be laid out. For example, in Fig. 337 is a part elevation 
of a dormer window, with a semicircular top whose profile has an ogee, 
fillet, and cove. If this job were undertaken by a firm w^ho had no 
circular moulding machine, as is the case in many of the smaller shops, 
the mould would have to be made by hand. The method of construc- 
tion in this case w^ould then be as shown in Fig. 338, 
which show^s an enlarged section through a h in Fig. 
337. Thus the strips a, h, and c in Fig. 338 would be 
cut to the required size, and would be nothing more 
than straight strips of metal, while d d' would be an 
angle, the lower side rf' being notched with the shears 
and turned to the required circle. The face strips r, 
/, and h would represent arcs of circles to correspond 
to their various diameters obtained from the full-sized 
elevation. These face and sink strips would* all be 
soldered together, and form a succession of square angles, as shown, in 
which the ogee, as shown by i j, and the cove, as shown by m, would be 
fitted. In obtaining the patterns for the blanks hammered by hand, 
the averaged lines w^ould be drawn as shown by k /for the ogee and 
n o for the cove. The method or principles of averaging these and 
other moulds will be explained as we proceed. 

In Fig. 339 is shown the same mould as in the previous figure, 
a different method of (X)nstruction being employed from the one made 
by hand and the one hammered up by machine. In machine work this 
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mould can l)e hammered in one piece, 8 feet long or of the length of the 
sheets in use, if such length is required, the machine taking in the full 
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mould from A to B. The pattern for work of this kind is averaged 
bv drawing a line as shown by CI). This method will also be ex- 
plained more fully as we proceed. 

SHOP TOOLS EMPLOYED 

When working any circular mould by hand, all that is required 
in the way of tools is various-sized raising and stretching hammers, 
square stake, blow-horn stake, and mandrel including raising blocks 
made of wood or lead. A first-rate kn()wle<lge must be employed 
by the mechanic in the handling and working of these small tools. In 
a thoroughly up-to-date shop will be found what are known as "cur\'ed 
moulding*' machines, which can be operate<l by foot or power, and 
which have the advantage over hand o{)eration of saving time and 
labor, and also turning out first-class work, as all seams are avoided.. 

PRINCIPLES EMPLOYED FOR OBTAINING APPROXIMATE 
BLANKS FOR CURVED MOULDINGS HAMMERED BY HAND 

'^The governing principles underlying all such operations are the 
same as every sheet-metal worker uses in the laying out of the simple 
patterns in flaring ware. In other words, one who understands how to 
lay out the pattern for a frustum of a cone understands the principles 
of developing the blanks for curved mouldings. The principles will 
be describe<l in detail in what follows. 

Our first problem is that of obtaining a blank for a plain flare, 
shown in Fig. 840. First draw the center line A B, and construct the 
half-elevation of the mould, a.s C D E F. Extend D E until it inter- 
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sects the center line A B at G. At right angles to A B from any point, 
as H, draw H 1 equal to C D, as shown- Using H as center, and with 
H 1 as radius, describe the quarter-circle 1 7, which is a section on 
C D. • Divide 1 7 into equal spaces, as shown. Now using G as center, 
with radii equal to G E and G D, describe the arcs D T and E E°. 
From any point, as T, draw the radial line 1' G, intersecting the inner 
arc at E*. Take a stretchout of the quarter-section ; place it as shown 
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from 1' to 7'; and draw a line from7' to G, intersecting the inner arc 
at E°. Then will E'^ 1' 7' E° be the quarter-pattern for the flare D E 
in elevation. If the pattern is required in two halves, join two pieces; 
if required in one piece, join four pieces. 

In Fig. 341 is shown a curved mould whose profile contains a cove. 
To work this profile, the blank must be stretched with the stretching 
hammer. We mention thi^ here so that the student will pay attention 
to the rule for obtaining patterns for stretched moulds. First draw the 
center line A B ; also the half-elevation of the moulding, as C D E F. 
Divide the cove E D into an equal number of spaces, as shown from 
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a to e, Thnnigh the center of the eove c draw a line parallel to e a, 
extendint; it until it meets the center line A B at (r, which is the center 
point fn)ni which to strike the pattern. Take the stretchout of the 
cx>ve c c and c a, and place it as shown by c r' and c a'. \Mien stretch- 
ing the flare a' c\ c remains stationary, r' and a' being hammered to- 
wanls e and a respectively. Therefore, fmm r erect a vertical line 
intersecting III, <lrawn at right angles to A B, at 1 . Using 11 as center 
and H 1 as radius, describe the arc 1 7, which divide into equal 

spaces as shown. With (r as center, 
and radii ecjual to G a', Gc, and G e\ 
<lescribe the arcs c" c^, V 7', and a^ 
a!\ Draw a line fmm r^ to (i, inter- 
secting the center and lower arcs at 
r and a^. Starting from 1', lay off 
the stretchout of the quarter-section as 
shown fn)m V to 7'. Through T draw 
a line towanls G, intersecting the in- 
ner arc at a"; and, extending the line 
upward, intersect the outer arc at e^. 
Then will a" c" c" a'' l>e the quarter- 
j>attern for tlie ctn^e E D in elevation. 
If the (juarter-round X O were re- 
quired in place of the cove E D, then, 
lus this (juarter-round woukl require to 
be raise<l, the rule given in the former 
Instruction Paper on Sheet Metal 
Work would be applied to all cases of raised mouldings. 

In Fig. ;]42 is shown a curvtxl mould whose profile is an ogee. In 
this case as in the preceding, draw the center line and half-elevation, 
and divide the ogee into a number of ecjual parts, as shown from a to h. 
Through the flaring portion of the ogee, as c r, draw a line, extending 
it upward and downward until it intersects the center line A B at G. 
Take the stretchouts fn)m a to c and fn)m c to h and place them re- 
spectively fn)m c to a' and from e to A' on the line W G. Then, in work- 
ing the ogee, that portion of the flare from c to r remains stationary; 
the part from e to /i' will be stretched to fonn e h ; while that part shown 
fn)m r to a' will be raised to fonn c a. From any point in the station- 
an- flare, as rf, erect a line meeting the line II 1, drawn at right 
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angles to A B, at 1. Using H as center and H 1 as radius, describe 
the quarter-section, and divide same into equal spaces, as shown. 
With G as center and with radii ecjual to ( } a', G d, and G A', describe 
the arcs a" a", V 7', and A" A". From h" draw a line to G. 
Starting at V, lay off the stretchout of the section as shown from 1' to 
7'. Thn)ugh 7' draw a 
line to G, as before de- 
scribed. ThenwillA"a" 
a" A" be the quarter-pat- 
tern for the ogee E D. 

In Fig. 343 is shown 
how the blanks are de- 
veloped when a bead 
moulding is employed. 
As before, first draw the 
center line A* B^ and the 
half-elevation A B C D. 
As the bead takes up J 
of a circle, as shown bv 
ace], and as the pat- 
tern for / e will be the 
same as for e c, then will 
the pattern for c e only 
be shown, which can also 
be used for e /. Bisect 
a c and c c, obtaining 
the points h and d, 
which represent the 
stationary points in the 
patterns. Take the 
stretchouts of 6 to a and 
h to c, and place them ^^^^' ^^^' 

as shown from b to a' and from b to c'; also take the stretchouts 
of rf to c and d to e, and place diem from d to c' and from d to e' on 
lines drawn parallel respectively to a c and c e from points 6 and 
d. Extend the lines e' c' and c' a' until they intersect the center 
line A^ B* at E and F respectively. From the points b and d 
erect lines intersecting the line G 1, drawn at right angles to A* 
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B', at 14 and 1 respectively. Using G as center, and with radii 
equal to G 14 and G 1, describe quarter-sections, as shown. Divide 
both into equal parts, as shown from 1 to 7, and from 8 to 14. With 
E as center, and with radii equal to E c', E d, and E c', describe the 
arcs c" c", d d\ and e" c". Prom any point on one end, as e\ 
draw a radial line to E, intersecting the inner arcs at <£ and c". Now 
take the stretchout of the section from 1 to 7, and, starting at J, lay 
off the stretchout as shown from 1' to 7\ Through 7' draw a line 
towards E, intersecting the inner arc at c" and the outer one at e'\ 
Then will c' e" e" c" be the quarter-pattern for that part of the 

bead shown by c e, also for 

e /, in elevation. For the 

pattern for that part shown 

by o c, use F^ as center; and 

with radii equal to F a, F 6, 
Fig. 344. and F c\ describe the arcs 
o" a", b' b\ and c" c". From any point 
on the arc fc' 6', as 8', lay off the stretch- 
out of the quarter-section 8 14, as 
shown from 8' to 14'. Through these 
two points draw lines towards F^ in- 
tersecting the inner arcs at a" <f"; and 
extend them until they intersect the 
outer arc at c" and c". Then will 
c" a" a" c" be the desired pattern. 

In Fig. 344 is shown an illustra- 
tion of a round finial which contains 
moulds, the principles of which have already been described in 
the preceding problems. The ball A is made of either horizontal 
or vertical sections. In Fig. 345 is shown how the moulds in a finial 
of this kind are averaged. The method of obtaining the true length 
of each pattern piece will be omitted, as this was thoroughly covered 
in the preceding problems. First draw the center line A B, on either 
side of which draw the section of the finial, as shown by C D E. The 
blanks for the ball a will be obtained as explained in the Instruction 
Paper on Sheet Metal Work. The mould b Is averagecJ as shown by 
the line e /, extending same until it intersects the center line at h, c f 
representing the stretchout of the mould obtained, as explained in the 
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paper on Sheet Metal Work, losing h as center, with h f and h e as 
radii, describe the blank b°. 

In the next mould, c c', a seam is located in same as shown by 
the dotted line. Then average C by the line i j, extending same until 
it meets the center line at k; also average c' by the line / m, extending 
this also until the center line is intersected at n. Then i j and I m 
represent respectively the stretchouts of the mould c c\ the blanks c° 
and c^ being struck respectively from the centers U and n. The mould 
h' }f also has a seam, as shown by the dotted line, the moulds being 
averaged by the lines p o and s /, which, if extended, intersect the 
center line at r and u. These points are the centers, respectively, for 
striking the blanks \P and 6^^. The flaring pieced is struck from the 
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center x, with radii equal to x w and x v, thus obtaining the blank d?. 

By referring to the various rules given in previous problems, the 
true length of the blanks can be obtained. 

The principles used for blanks hammered by hand can be applied 
to almost any fonn that W'ill arise, as, for example, in the case shown 
in Fig. 346, in which A and B represent circular leader heads; or in 
that shown in Fig. 347, in which A and B show two styles of balusters, 
a and b (in both) representing the square tops and bases. Another 
example is that of a round finial, as in Fig. 348, A showing the hood 
which slips over the apex of the roof. ^Vhile these forms can be 
bought, yet in some cases where a special design is brought out by the 
architect, it is necessary that they be made by hand, especially when 
but one is required. 

The last problem on handwork is shown in Fig. 349 — that of 
obtaining the blanks for the bottom of a circular bay. The curved 
moulding A w'ill be hammered by hand or by machine, as will be ex- 
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plained later on, while the bottom B is the problem before us. ITie 
plan, it will be seen, is the arc of a circle; and, to obtain the various 
blanks, pmceed as sliown in Fig. 350, in which A B C is the elevation 
of the bottom of tiie bay, I J K being a plan view on A C, showing the 





Fig. 347. 

curve struck fn)m the center H. In this case the 
front view of the bottom of the bay is given, and 
must have the shape indicated by A B C taken on the 
line I J in plan. It therefore becomes necessary to 
establish a true section on the center line S K in 
plan, from which to obtain the radii for the blanks or 
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patterns. To obtain this true section, divide the curve A B into anv 
number of equal parts, as sliown from Ito 6. From the points of 
division, at right angles to AC, drop lines as shown, intersecting the 
wall line I J at points 1' to 6'. Then, using H as center, and radii 
equal to H 0', H 5', II 4', H 3', and H 2', draw arcs crossing the 
center line I) E shown from 1" to G". At any convenient point 
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opposite the front elevation draw any vertical line, as T U. Extend 
the lines from the spaces in tlie profile A B until they intersect 
the vertical line T U as shown. Now, measuring in every instance 
from the point S in plan, take the various distances to the num- 
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Fig. 350. 

hered points in plan and place them upon lines of 

similar numbers, measuring in eveiy instance from 

the line T U in section. Thus take the distance 

S K in plan, and place it as shown from the line 

T U to K* ; then again, take the distance from S to 2" 

in plan, and place it as shown from the line T U to 2" on 

line 2 in section. Proceed in this manner until all the points 

in the true section have been obtained. Trace a line as 

shown, when V to 6" to Y will be the true section on the 

line S K in plan. 

It should be understood that the usual method for 
making the bottom of bays round in plan is to divide the profile of 
the moulding into such parts as can be best raised or stretched. As- 
suming that this has been done, take the distance from 1" in plan to 
the center point H, and place it as shown from V to L in section. 
From the point L, draw a vertical line L M, as shown. For the pat- 
tern for the mould 1" 2", average a line through the extreme points, 
as show^n, and extend the same until it meets L M at N. Then, 
with N as center, and with radii equal to N 2" and N V, describe 
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the blank shown. The length t>f this blank us obtained by measur- 
ing on the arc 1' l'^ in plan, and placing this stretchout on the arc l'^ 
of the blank. The other blanks are obtained in precisely the same 
manner. Thus P is the center for the blank 2^ S''; R, for the blank 
;r 4"; (), for the blank r o"; and M, for tlie blank 'f 0^ 

The moulds 1" 2", 2" 3", and ^ 4" will be raised; while 
the blanks 4" 5" and :>" (>" will be stretched. 

APPROXIMATE BLANKS FOR CURVED MOULDINGS 

HAMMERED BY MACHINE 

The principles employed in averaging tlie profile for a moulding 
to be n)lled or hammered by machine do not differ to anv material 
extent fn)m those used in tlie case of mouldings hammered by hand. 

Fig. 351 shows the general method of aver- 
jiging the pn)file of a moulding in determin- 
ing the radius of the blank or pattern. It 
will be seen that A B is drawn in such a 
manner, so to speak, as to average the in- 
e(|ualities of the profile D C required to be 
made. Thus distances a and b are equal, as 
are the distances c and rf, and e and /. It is 
c very difficult to indicate definite rules to be 
B observed in drawing a line of this kind, or, 
in other words, in averaging the profile. 
Nothing short of actual experience and intimate knowledge of the 
material in \yhich the moulding is to be made, will enable the operator 
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Vifr. 352. 

to decide correctly in all cases. There is, however, no danger of 
making very grave errors in this respect, because the capacity of 
the machines in use is such, that, were the pattern less advanta- 
geously planned in this particular than it should be, still, by passing 
it through the dies or rolls an extra time or two, it would be brought 
to the recjuired shape. 



350 



SHEET iVIETAI. WOPK 



259 



In Fig. 352 is shown a part elevation of a circular moulding as it 
would occur in a segmental pediment, window cap, or other structure 
arising in sheet-metal cornice work. B shows the cun-ed moulding, 
joining two horizontal pieces A and (^ the true section of all the moulds 
being shown by I). 

In this connection it may be proper to remark that in practice, 
no miters are cut on the circular blanks, the miter-cuts being placed on 
the horizontal pieces, and the circular moulding trimmed after it has 
been formed up. 

In Fig. 353 is shown the method of obtaining the blanks for 
mouldings cuned in elevation, no matter what their radius or profile 




Fig. 353. 

may be. First draw the center line A B, and, with the desired center, 
as B, describe the outer curve A. At right angles to A B, in its proper 
position, draw a section of the pmfile as shown by C D. From the 
various members in this section, project lines to the center line A B, 
as 1, 2, 3, and 4; and, using B as center, describe the various arcs and 
complete the elevation as show^n by A B C in Fig. 352, only partly 
shown in Fig. 353. In the manner before dascribed, average the 
pn)file C I) by the line c rf, extending it until it intersects the line drawn 
thnnigh the center B at right angles to A B, at E. Then E is the center 
from which to strike the pattern. Centrally on the section C D, estab- 
lish e on the line c rf, where it intersects the mould, and take the 
stretchout from e to C and from e to D, and place it as shown respec- 
tively from e to c and from e to d on the line c d. Now, using E as 



351 



I 



260 



SHEET METAL WORK 



x: 



ELEVATION 



SOFFIT PLAN 




Ing. 854. 



center, with radii ecjual to E rf, E e, and E c, describe the arcs d' d"^ 
€■ (f^ and c' €^, Draw a line from c' to E, intersecting the middle and 
inner arc at e' and d\ The arc r' f" then becomes the measuring line 

to obtain the length of the pattern, the length 
being measured on the arc 2 in elevation, 
which corresponds to the point e in section. 

In Fig. 354 is shown the elevation of a 
moulding A cur\'ed in plan B, the arc l>eing 
struck fn)m the given |K)int a. This is apt to 
occur «\'hen the moulding or cornice is placed 
on a building whose corner is round. To ob- 
tain the pattern when tlie moulding is cur\'ed 
in plan, proceed as shown in Fig. 355. Draw 
the section of the moulding, as A B, A C be- 
ing the mould for which the pattern is desired. 
V B represents a straight strip which is at- 
tached to the mould after it is hammered or rolled to shape. In 
practice the elevation is not required. At pleasure, below the sec- 
tion, draw the horizontal line E D. From the extreme or outside 
edge of the mould, fi^ />, 
drop a line intersecting the 
horizontal line E D at E. 
Knowing the radius of the 
arc on fc in section, place it 
on the line E D, thus ob- 
taining the point D. With 
D as center, describe the 
arc E F, intersecting a line 
drawn at right angle to E 
D from D. Average a line 
through the section, as G 
H, intersecting the line D F, 
drawn vertical from the cen- 
ter D, at J. Establish at 
pleasure the stationary 

point a, from which drop a line cutting E D at a'. Using D as 
center, and with D a' as radius, describe the arc a' a", which is the 
measuring line when laying out the pattern. Now take the stretch- 
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Fig. 355. 



352 



SHEET METAI, WORK 



261 



outs from a to 6 and from a to c, and place thein on the averaged 
line from a to G and from a to 11 respectively. Using J as center, 
with radii extending to the various points G, a, and II, describe the 
arts G G', a a"', and H H'. On 
the arc a' a"', the pattern in 
measureil to correspond to the 
arc a' a" in plan. 

In Fig. 3">(i is .shown a fnmt 
view of an ornamental bull's-eye 
window, showing the circular 
mould A B C D, which in thi.s 
case we desire to lay out in one 
piece, so that, when hammered 
or rolled in the machine, it will 
have the desired diameter. The 
same principles can be applied 
to the upper mould E F, as were 
used in connection with Figs. 
352 and 353. 

To obtain the blank for the bult'-s 
proceed as shown in Fig. .3.57. T^t A B C D represent the elevation 
of the bull's-eye .struck from the center K. Through F, draw the hori- 



Fig. 356. 
e window shown in Fig. 356, 




zontal and perpendicular lines shown. In its pniper position, draw a 
section of the window as shown by F G. Through the face of the 
mould, as H I, average the line H' I', extending it until it intersects 
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the center line B D at J. Where the average line intersects the mould 
at a, establish this as a stationary point ; and take the stretchouts from 
a to I and from a to II, and lay them off on the line H* P from a to I^ 

and a to IP respectively. As 1 
5 in elevation represents the 
(juarter-circle on the point a 
in section, divide this quarter- 
circle into equal spaces, as 
shown. Now, with radii equal 
to J P, J a, and J H\ and with 
J in Fig. 358 as center, de- 
scribe the arcs H H, a a, and 
I I. From any point, as H, 
on one side, draw a line to J, 
intersecting the middle and in- 
ner arcs at a and I. Take the stretchout of the quarter-circle from 
1 to 5 in elevation in Fig. 357, and place it on the arc a a as shown 
from 1 to 5. Step this off four times, as shown by 5', 5^^, and' 5"'. 
From »I draw a line through 5'", intersecting the inner and outer arcs 
at I and H. Then will II a a II be the full pattern. 




Fig. 358. 
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EXAMINATION PLATES. 



The plates of this Instruction Paper should be laid out the same 
size as the plates in Tinsmithing and Sheet-Metal Work (Parts I, II, 
and III). The border lines should be drawn as there described. 
Before starting on the drawings which will be sent to the School, the 
student should first practice on other paper, then copy and send cor- 
rected drawings for examination. 

PLATE X— TRIANGULAR PANEL 

ABC represents tlie outline of a triangular panel. When draw- 
ing this, make the line C B 9J inches long, 3 inches above the lower 
margin line and in the center of the length of the sheet. Place the 
point A 5 inches above and in the center of C B. 

Draw^ the profile of the mould in the position shown, making 
the face width a b l\ inches, the projection from A to d 1^ inches, 
tlie projection of b f inch, the face d V inch; and, using c as center, 
with a radius equal to J inch, strike the cove d b. Then proceed to 
lay out the pattern for the one side of the panel shown by A C c e sX 
right angles to A C, using the method given in Fig. 284. 

PLATE XI— CIRCULAR PANEL 

Three inches from the left margin line, draw the center line B J. 
Three inches below the upper margin line, on the line B J, locate e. 
Using e as center, with radius equal to 2^ inches, draw the outer circle 
A B C D. Then, with a radius equal to A L in elevation, or J inch, 
draw the coves shown in plan, which completes the plan view by draw- 
ing F G. Now obtain the pattern in one piece for the cove O, by 
averaging the line a 6 as shown, being careful to follow the rule given 
in connection with Fig. 341, and place the pattern in the center of the 
space in Plate XI. 

PLATE XII— GABLE MOULDING ON A WASH 

Draw the center line A B 4J inches from the left margin line, J 
inch above the bottom, and 3 inches below the top. Make the length 
of the line B C 8 J inches, IJ inches above the lM>ttom margin. 
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Make the height of the hmer nieml)er C J inch. Make the distance 
from the center line A B to the point C S} inches, and the distance 
from B to A '^l inches, and draw a Hne fn)m C to A, gi\ing the de- 
sired pitch. Parallel to A C, draw the fac^e view of the members of 
the mould, making the upper fillet \ inch, the cove 1 inch, and the 
lower fillet I inch. From A, locate h at a distance of 2 J inches. 
Draw the peq)endicular fc F. Make tlie projection from b to E IJ 
inches. Make the pmjection of the upper and lower fillets each f 
inch; and, using a as center, with a radius equal to 1 inch, draw the 
(juarter-n)und shown. Now draw a section of the wash G H, placing 
it centrally between the line A B and margin; place H in its relative 
position to B ; and from H, at an angle of 40 degrees, draw H G. Four 
and one-fourth inches above the point G, draw a duplicate of the pro- 
file E h F, as shown by E* F^ //. 'I'hen pn)ceed to obtain the miter- 
line in elevation, and lay off the pattern at right angles to A C in the 
manner explained in connection with Fig. 299. 

PLATE XIII— REDUCED MITER 

In this plate is shown the soffit plan of a reduced miter in which 
the profile is given for the front piece and must return in a given dis- 
tance at the side. Three and one-fourth inches below the upper mar- 
gin, draw A B 2 inches long, the corner B to be oj inches from the 
right margin. Make tlie distance from B to C f inch, and from 
G to D 4J inches. Draw the outline of tlie fmnt mould 1 h inches from 
and parallel to C I), and the outline of the return mould 1 inch from 
and parallel to B C. On the line C D, 1 J inches fmm C, locate the 
point by then construct the profile G as shown, making b c equal to 
2 J inches. Make c ecjual to 2 inch; d equal to 1 inch; e equal to f 
inch; / ecjual to V inch; and with a radius equal to I inch, strike the 
cove shown, using a as center. Above the line A B, obtain the -true 
profile for the return A B C F, and lay off this pattern at right angles to 
A F centrally between A F and the margin line. Also lay off the pat- 
tern for the front F C I) E at riglit angles to F E, centrally between the 
lire F E and the lower margin line, following the rules given in con- 
nection with Fig. 320. 

EXAMINATION PLATES 

Drawing Plates X to XIII inclusive constitutes the examination 
for this Instruction Paper. The student should draw these plates 
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in ink, and send them to the School for correction and criticism. The 
vertical letters are merely for explanation, and should not be placed 
upon the plates sent us. The date, student's name and address, and 
the plate number should be lettered on each plate in inclined Grothic 
capitals. 
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A square tank, Fig. 1, is required whose capacity should be 
200 gallons, the sides h a and a c each to be 30 inches; how high 
must c d be, so that the tank will hold the desired quantity ? 

Suppose the height (? d is to be 51 J inches, and the tank is to 



^ 



CAPACITY 
200 GALLONS 



d 




CAPACITY 
510 GALLONS 






Fig. 1. 



Fig. 2. 



have similar capacity, and one side c a is to be 20 inches wide, 
liow long must the alternate side a h l)e, so that the tank will 
hold 200 gallons ? 

A round tank, Fig. 2, is to be constructed whose capacity 
should equal 510 gallons, and be 5 feet high from c to a\ what 
must its diameter a h be, so as to hold the desired capacity ? 

^ ^ . to Suppose the diameter of 

the tank is to be 50 inches 
2i%a h\ what must its heiorht 
a c be, so that the tank will 
hold 510 gallons ? 

A large drip pan. Fig. 3, is 
to be constructed whose ca- 
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CAPACITY 
65 GALLONS 





Fig. 3. 



pacity should be 105 gallons,and whose top measurements a h and b.c 
are 60 X 40 inches respectively, and bottom measurements c^^^and 



PROBLEMS IN MENSURATION 



f^y 34 X 54 inches respectively; what iinist its height in n be, bo 
as to hold the desired volume ? 

A round tapering measure, Fig. 4, is to be constructed whose 
volume will equal 42 quarts; its bottom diameter ah \^ to be 14 





Fig. 4. 

inches, its top diameter c d 18 inches; what must its height efhe 
to hold the desired quantity ? 

An elliptical tapering tank, Fig. 5, is to be constructed whose 
major axis in h is 24 inches, and minor axis <? ^ 14 inches at the 
top, while at the bottom the major axis efi^ 20 inches, and minor 
axis g h 10 inches; the capacity of the tank should equal 44 
quarts; what must the height in n be, so that the tank will hold 
the desired amount ? 

A tank. Fig. 6, is to be constructed with semicircular ends 
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CAPACITY 30 GALLONS 
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Fig. 6. Fig. 7. 

whose capacity should equal 30 gallons; the length a ^ to be 20 
inches, and the diameters of c and d to be each 10 inches; what 
must the height ^/"be, so that the tank will hold the desired 
quantity ? 

Suppose the height ^y is to be 24 inches, the diameters c and 
d each 11 inches; what must the length of a J be, so that the tank 
will hold 30 gallons ? 
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In Fig. 7 is shown a fitting used in ventilation piping; the 
diameter a b is llj^ inches and it is desired that the oblong pipe 
on the opposite end shall have an area similar to the round pipe a i; 
if ^ymust be 5 inches, what must c ^ be so that both areas are alike ? 
' Suppose the pipe is to be square in place of oblong, what must 
the length of each side be, so that both ends have similar area? 

In Fig. 8, a J is 40 inches in diameter; and each one of the 
branches c, d^ and e are to have equal diameters, what must the 
diameter of the branches be, so that the combined area of t*, d, 
and e will equal the area of a ^ ? 

If is 10 inches in diameter, d 12 inches, and e 8 inches, 
what must be the diameter of a 5, to have the combined area of 
the branches ? 

Fig. 9 shows a transition piece from a round pipe a to an 




aK- 
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Fig. 8. 



Pig. 9. 



Fig. 10. 



elliptical pipe ^, both sections to have similar area; if the round 
pipe is 24: inches in diameter, and the major axis of the elliptical 
pipe must be 82 inches, what must the minor axis of b be so that 
the area at b will equal the area of a ? 

If the minor axis of b is to be 16 inches and the major axis 35 
inches, what must the diameter of a be, so that both sections will 
have similar area? 

In Fig. 10, a is 20 inches in diameter and forms a transition 
to an oblong pipe with semicircular end; the semicircular ends 
are to be 10 inches in diameter; what must the length ot c d be, 
so that the area of b will be equal to the area of a ? 

If the pipe b measured 40 X 11 inches, having semicircular 
ends, what must the diameter of a be, so that both sections are 
equal in area? 

\f a is 20 inches in diameter and the upper section was to be 
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rectangular in sha{)e, 8 inches wide, what would the length of the 
up|)er section he ? 

Su{)j)ose the up{)er section h was desired to l>e square, what 
must the length of each side be, to have an area similar to a ? 

In Fig. 11 is shown the illustration of an ordinary steel square, 
and the method is given of obtaining accurate diameters of pijKJS, 
round or square, without any computation whatever, the rule being 
based on the geometrical principle that the square of the hypothe- 
nuse of a right angle triangle is equal to the sum of the squares 
of its base and altitude. To illustrate the rule, Fig. 12 has been 




12 13 14 15 16 17 10 19 20 21 22 23 24 



Fig. 11. 

prepared. Let A represent a round or square pipe, 20 inches across, 
and B a round or sc^uare pipe 12 inches across; it is desired to 
take a branch from the main so that the two branches B and C will 
equal the area of the main A. What must the size of C be ? 

The size of C is found by simply taking a rule 20 inches 
long and placing one end on the arm of the square in Fig. 11, on 
the number 12, when the opposite end of the rule will touch the 
number 16. Then 10 is the required size of the branch C in Fig. 
12. We can prove tliis by computation which, however, is not 
necessary in practice. The area of a 20-inch round pipe equals 
314.1G in.; area of 12-in. pipe = 113.098 in.; area of 16-in. 
pipe = 201.002 in.; and 113.008 in. + 201.002 in. = 314.160 in. 
The area of a 20-in. square pipe = 400 in.; area of 12-in. square 
pit)e "- 144 in.; area of 10-in. square pipe = 256 in.; and 
250 in. 4 144 in. = 400 in. 
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Suppose any two branches are given as B and in Fig. 12, 
what must the size of A be so that its area- will have the com- 
bined area of the two branches ? 

Simply set the rule on the numbers 12 and 16 on the two 
i^ ^ arms of the square respectively, and the length 
^ from a to h in Fig. 11 will measure 20 inches. 
If A, Fig. 12, w^ere given, and two branches 
were required, so that B and C were both of 
equal size, then simply set the rule 20 inches 
long, on both arms of the square so that the 
distance from O to c and O to ^ would be 
equal, as shown in Fig. 11, which would be 
found to measure 14| in. plus a least trifle. 
This rule can be used to advantage for any size round or square 
pipe in blower, blast, heat, and ventilating piping, saving time and 
trouble in computation. Where no square is at hand, one can be 
drawn on paper and used for work of this kind. 
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AH, TO BUILJ>, TO BUILD. 
THAT IS THB NOBLEST ART OP ALL THB ARTS 
PAINTING AND SCULPTURE ARB BUT IMAGES 
ARE MERELY SHADOWS CAST BY OUTWARD THINGS 
ON STONE OR CANVAS, HAVING IN THEMSELVES 
NO SEPARATE EXISTENCE. ARCHITECTURE, 
EXISTING IN ITSELF, AND NOT IN SEEMING 
A SOMETHING IT IS NOT, SURPASSES THEM 
AS SUBSTANCE SHADOW. 

Henry Wadsivorth LongfeOow. 
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II. 


13 


defined 


II. 


169 


Reversible quarter-twist belt 


III. 


140 


at 45 degrees 


I. 


288 


Rhomboid 




58 


of lines 


II. 


174 


Rhombus 




58 


of planes 


II. 


177 


Right angle, defined 




56 


of points 


II. 


172 


Right-angled triangle 




50 


of solids 


II. 


178 


Roman mouldings 


IV. 


294 


Shafting, horse-power of 


III. 


380 


Roman orders examination plates II. 355-393 


Shafts 


III. 


368 


Roof mensuration 


IV. 


247 


analysis of 


III. 


368 



Note.— For page numbers tee foot oj pages. 
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Part Page 




Part 


Page 


Shafts 






Skylights 






defined 




248 


bars for 


IV. 


220 


parallel 




130 


construction of 


IV. 


217 


not parallel 




134 


curbs for 


IV. 


221 


practical modification 




381 


examination plates 


IV, 


279 


problems on 




384 


patterns for 


IV. 


220 


theory of 




371 


patterns for hipped 


IV. 


228 


Sheet-metal skylight, construction 




styles of 


IV. 


225 


of 


IV. 


217 


Slitting shears 


IV. 


292 


Sheet-metal work 


IV. 67-363 


Small letters 


I. 


200 


construction 


IV. 


67 


"Soffit" of Doric order 


II. 


273 


coppersmith problems 


IV, 


181 


Solids 






cornices 


IV. 


285 


defined 


I. 


61 


developments 


IV. 


69 


shadows of 


II. 


178 


examination plates IV. 141-147; 211 


-213 


Spacing letters 


I. 


199 


intersections 


IV, 


60 


Spheres, defined 


I. 


64 


light gauge metal problems 


IV. 


151 


Split pulleys 


III. 


362 


patterns for 


IV. 


69 


analysis and theory 


III. 


362 


roofing 


IV. 


242 


practical modification 


III. 


366 


shop tools 


IV. 


68 


Springs, conventional representa 


■ 




tables IV. 


68; 126-138 


tion of 


III, 


91 


workshop problems, practical 






Spur gears 


III. 


384 


bath tub 


IV. 


96 


analysis of 


III. 


385 


conical "boss" 


IV. 


92 


cycloidal 


III. 


162 


enx)w 


IV. 


111 


theory of 


III. 


388 


Emerson ventilator 


IV. 


105 


Spur gear rim. arms, and hub 


Ill, 


391 


funnel strainer pail 


IV, 


100 


Square 


I. 


58 


hip bath 


IV, 


94 


drawing the 


II. 


28 


sink drainer 


IV. 


90 


Square thread 


III. 


93 


Shop drawing 






Squaring shears 


IV. 


292 


completeness of 


III. 


187 


Standing-seam roofing 


IV. 


261 


cost of producing 


III. 


188 


Station point 


II. 


78 


essentials of 


III. 


187 


Steam chest and valve, plate 


III. 


217 


method of procedure 


III. 


190 


Steam cylinder 






Shop tools for sheet-metal work 


IV. 


68 


machining of 


III. 


198 


Short rules 


IV. 


23 


molding of 


III. 


198 


Shrouding a tooth 


III. 


393 


plate 


III. 


201 


Single-line Italic letters 


I. 


188 


Steam end layout, plate 


III. 


193 


Sink drain, pattern for 


IV. 


90 


Straight Ihie. defined 


I. 


55 


"Skeleton" construction of letters 


I. 


184 


Straight lines in drawing 


II. 


19 


"Skeleton" letter 


I. 


193 


Strain, defined 


III. 


281 


Sketches 


III. 


40 


Stress, defined 


III. 


281 


Sketching 


I. 


328 


Stretchout Ihies 


IV, 


13 


materials 'or 


I. 


329 


String course, defined 


II. 


247 


subjects for 


I. 


330 


Structural machinery 


III. 


328 


Skylight work 


IV 


217 


Stub tooth 


Ill, 


394 



Note.— For page numbers see foot of pages. 
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D^DEX 



Part Page 
III. 419. 428 
II. 243-393 
II. 243 
il. 321 
II. 329 
I. 56 
III. 253 
I. 15 



StudB 

Study of the orders 

Roman 
Superposition, defined 
Superposition of the orders 
Surfaces, defined 
Symbols 
T-aquare 
Tables 

angles and tees iv. iss 

bolt heads, square 1 1 1, 36 

bolts, strength of III, 424 
corrugated sheets used In nx)f- 

^n« IV. 268 
feather keys, proportions of III, 436 
flat rolled iron, weights of IV, 130-135 
flat -seam roofing- iv. 243 
gear design data nx. 395 
gib keys, proportions of m, 436 
leather belting, sizes of HI, 352 
measure ly^ 40 
nuts, square and hexagon III, 36 
safe working stresses for differ- 
ent speeds m, 390 
screw threads, U. S. standard III. 29 
screw tlireads. Whitworth stand- 

«^ III. 30 

sheet copper ly^ 127 
sheet iron and steel, standard 

gauge for ly, 129 

sheet zinc jy jog 
square and round irpn bars IV, 136-137 

standing-seam roofing jy, 944 

terne plates jy gj 

tin plates, net weight per box IV, 245 

tin plates, standard or rcjrular IV. 49 
tin plates, standard weights 

and gauges jy, 245 

torsional moments m, 293 
weiglit of iron, copper, lead. 

brass and zinc ly, 126 
wrought iron pipe, standard 

sizes in, 37 
wrought iron pipe, standard 

threads for m, 33 

Tangent of a circle j, 59 

Note.— For page numbers see/oot 0/ pages. 



Part Page 

Tap bolts III. 428 

Tea pot, pattern for IV. 33 
Tension, compression, and torsion III. 277 

Terne plate roofing ly, 242 
Testing with the slate in fk-eehand 

drawing n. 23 
Testing drawings by measurement II. 37 

Third line of projection i. loi 
Threads in sectional pieces, drawing 

ot III. 28 

Through bolts m. 428 

Thumb tacks j^ 13 

Tight and loose pulleys m. 133 

Tin roofing ly' 242 

Tinsmithing ly^ 11.54 

capacity of vessels iv. 12 

construction ly^ n 

developments ly, 12 

intersections ly 12 

patterns for ly 12 

workshop problems, practical IV. 23 

colander ly^ 45 

drip pan jy, 31 

dust pan ly^ 44 

foot bath ly^ 3g 

funnel and spout ly 27 

hand scoop jy^ 28 

measure jy^ 49 

pail ly 26 

scale scoop ly^ 42 

tea pot ly 33 

wash boiler ly^ 39 

Tools used Ui making skylights ly, 220 

Toothed gearmg m 157 

Torsional moments, tabulation of III. 293 

Torus moulding ly, 295 

'^'^^"» I. 154: III. 45 

Tracing on the slate u, 22 

Transferring patterns ly, 25 

Translation cams m, 124 

Trapezium j .7 

Trapezoid j ^7 

Triangles j ^7 

altitude of i 57 

base of i' 57 

defined i, gg 

drawing the n, 29 
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Triangulation development 
Truncated prism 
Turret sash 
Tuscan order 
Umbra, defined 
Uniform motion 
U. S. standard screw thread 
V-thread 

Value of freehand drawing to archi- 
tect 
Value drawing 
Value scale in drawing 

how to make 

how to use 
Valve motion details, plate 
Valve motion layout, plate 
Vanishing point diagram 
Vanishing point of lines 
Vanishing points of oblique lines 
Vanishing trace of system 
Varieties of shading 
Varying motion 
Vault, defined 
Ventilation work 
Vertical line, defined 
Vertical trace 
Vessels, capacity of 
Views, arrangemen t of for drawings 
Visual element 
Visual rays, defined 
V-Buhk letter 
Wash boiler, pattern for 
Wash-drawings, materials for 
Water color hints for draftsmen - 
Water color rendering 
Water color sketching 



PartPage 


IV. 


79 


I. 


62 


IV. 


236 


II. 


258 


II. 


170 


III. 


118 


HI. 


29 


III. 


92 


II. 


11 


II. 


40 


II. 


41 


II. 


43 


II. 


43 


III. 


225 


Ill, 


221 


II. 


129 


II. 


80 


II. 


117 


II. 


82 


II. 


44 


III. 


119 


II. 


250 


IV. 


149 


I. 


55 


II. 


89 


IV. 


12 


III. 


13 


II. 


81 


II. 


77 


I. 


220 


IV. 


39 


I. 


271 


I. 


314 


I. 


322 


I. 


325 





Part Page 


Water cylinder, cap and air cham 


- 




ber. plate 


III. 


235 


Water cylinder, plate 


III. 


233 


Water end layout, plate 


Ill, 


229 


Web gears 


III. 


395 


Whltworth standard screw thread 


III. 


30 


Wiring, allowance for 


IV. 


23 


Working drawings 


III. 


11 


arrangement of views 


III. 


14 


blue printing 


III. 


46 


bolts and nuts 


III. 


30 


complete instructions 


III. 


20 


definition of 


III. 


11 


detail drawings 


III. 


41 


dimensions 


III. 


19 


finished surfaces 


III. 


22 


in general 


III. 


40 


lines 


III. 


12 


location of views 


III. 


14 


pencil drawings 


III. 


42 


pipes and pipe threads 


III. 


36 


scale drawings 


in. 


38 


screw threads 


III. 


26 


sectional views 


III. 


15 


shade lines 


III. 


17 


sketches 


III. 


40 


threads in sectional pieces 


III. 


28 


tracing 


III. 


45 


Working shop drawings 


III. 


185 


Working stresses and strains 


III. 


280 


Workshop problems, practical IV. 


23; 90-124 


Worm and worm gear 


III, 


402 


Wrought iron pipe, standard threads 




for. table 


III. 


38 


Yoke, stui&ng-boxes, etc.. plate 


III. 


227 



Not4.—For page number$ tee/oot^f pages. 
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THE following pages are taken from 
the Bulletin of the American School 
of Correspondence, Chicago. 

Other courses offered are: Heating, 
Ventilating and Plumbing ; Refrigeration ; 
Civil, Electrical, Mechanical, Stationary. 
Locomotive, and Marine Engineering ; 
Alternating Current Work ; Telephony ; 
Telegraphy; Sheet Metal Pattern Draft- 
ing; Structural Drafting; Textiles, in- 
eluding Knitting, the Manufacture of Cot- 
ton and Woolen Cloth, Textile Chemistry, 
Dyeing, Finishing, and Design ; also Col- 
lege Preparatory, fitting students for en- 
trance to engineering colleges. 

The Bulletin of the School, giving 
complete synopsis of the above courses, 
may be had on request. 
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DEPARTMENT OF 

ARCHITECTURE 



^ 



S 




COUBSES 

COMPLETE ARCHITECTURE 

ARCHITECTURAL ENGINEERING 

CONTRACTORS' AND BUILDERS' 

ARCHITECTURAL DRAWING 
CARPENTERS' 

ASCHITECTXTBE 

HE courses in Architecture are planned to cover the 
actual problems arising in daily work. They offer 
young men in the architect's oflSce or in the con- 
tractor's employ an opportunity to obtain practical 
information which ordinarily could be acquired only 
after long apprenticeship. The instruction is of im- 
mediate value to carpenters, contractors and others engaged in build- 
ing, as great stress is laid on the practical as well as the artistic side 
of the work. The courses offer experienced draftsmen and practicing 
architects an opportunity to make up deficiencies in their early pro- 
fessional training. The instruction in Heating, Ventilating, Plumb- 
ing, Gas Lighting, Wiring, — Electricity and Steam as applied to power 
and light, — is such as to enable an architect to obtain an intelligent 
knowledge of subjects which are of growing importance in the plan- 
ning of large buildings. 

The instruction comprises Mechanical Drawing, Descriptive 
Geometry as used in framing, Isometric and Perspective Drawing, 
Shades and Shadows, Free-hand Drawing, Pen and Ink Eendering, 
and the cojiventional methods of making, figuring, lettering and ren- 
dering plans, elevations, sections and details. The student is taught 
the theory of the design of columns, beams, girders and trusses. 
Building Materials, Building Construction and Details, including 
framing, sheet-metal worlc, fireproofiflg, wiring, piping, heating and 
ventilating systems. Building Superintendence, Specifications and 
Contracts, Building Laws and Permits, and general office practice 
are also discussed. 

In connection with Architectural History, instruction is given in 
History of Ornament, Ornamental Design, followed by a careful study 
of the fundamental principles of design beginning with the Orders. 
These principles are impressed upon the student by a series of interest- 



ing problems in architectural design. 
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COMPLETE ARCHITECTUSE 

Prepared for DraftsmeDf Deeignere, Archltecte, Architectural En- 
gtneera. Landscape Architects, Building Superintendents, Quantity Sur- 
veyors, Cierlcs of Building Worlcs, inspectors. Contractors and Builders^ 
IMasons, Plasterers, Carpenters and Joiners, Heating and Ventilating En- 
gineers, Steam Fitters, Salesmen of Building iMaterials, Real Estate 
Agente, Instructors, Students and othersi 



INSTRUCTION PAPERS IN THE COURSE 



Arithmetic Part I. 

Arithmetic Part II. 

Arithmetic Part III. 

Elementary Algebra and Men- 
suration. 

Algebra Part I. 
•Algebra Part II. 

Geometry. 
•Trigonometry and Logarithms. 

Mechanical Drawing Part I. 

Mechanical Drawing Part II. 

Freehand Drawing. 

Mechanical Drawing Part IIL 

Mechanical Drawing Part IV. 

Architectural Lettering. 

Shades and Shadows. 

Perspective Drawing. 

Architectural Drawing Part L 

Architectural Drawing Part IL 

Rendering. 

Study of the Orders Part L 

Study of the Orders Part IL 

Study of the Orders Part IIL 

History of Architecture! 



Building Superintendence Part I. 

Building Superintendence Part IL 

Strength of Materials' Part I. 

Strength of Materials Part II. 

Masonry Construction Part I. 

Masonry Construction Part II. 

Carpentry and Joinery Part I. 

Carpentry and Joinery Part IL 

Stair Building. 

Statics. 

Steel Construction Part I. 

Steel Construction Part II. 

Steel Construction Part III. 

Steel Construction Part IV. 

Fi reproofing. 

Contracts and Specifications. 

Legal Relations. 

Heating and Ventilation Part I. 

Heating and Ventilation Part IL 

Heating and Ventilation Paft in 

Plumbing Part I. 

Plumbing Part IL 



*OpUonaL 

All instruction papers are handsomely and substantially bound in art 
buckram. They contain from 50 to 100 pages each, 8x10 inches in as% and 
form a convenient and attractive reference library of great practical value. 
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SYNOPSIS OF COURSE 

KATHEHATICS 



^ ^ 








f~^ 


A 






• 




- -»• 


^ 




»• 


^ 



ARITHMETIC: Units; Numbers; Notation; Addition; Subtraction; HnltipUcatlon; Dl« 
vision; Factoring; Cancellation; Fractions; Decimals; Symbols of Aggregation; Per- 
centage; Denominate Numbers; Tables of Linear and Square 
Measure; Tables of Weights; Involution; Evolution; Square 
VuvjX; Cube Root; Roots of Fractious; Ratio; Proportion. 

ELEMEVTARY ALGEBRA: Use of Letters: Addition; Sub- 
traction; Multiplication; Division; Cancellation; Equations; 
Transportation; Finding Value of Unknown Quantities. 

MEKST7RATI0V: Lines; Angles; Polygons; Circles; Sectors 
and Segments. Measurement of Angles; Triangles; Rect- 
angles; Trapezoids; Hexagons; Circles; Volumes and Sur- 
faces of Prisms; Cylinders; Pyramids; Cones; Frustums; 
Sphere. Practical Problem: Measurement of Steam Space in 
a Uoriiontal Multitubular Boiler. h r 



^ V ^ 





ALOEBBA 



a 



m 



EXPRESSIONS: Symbols; Coefficients and Exponents; Symbols of Relation: Symbols of 
Abbreviation; Positive and Negative Terms; Monomial; Binomial; Trinomial; Poly- 
nomials; Similar Terms. Finding Numerical Value by Substitution. Finding Values 
of Unknown Quantities. 



FUNDAXENTAL PROCESSES: 
tlun; Division; Formulae; 
Multiple. 



Addition; Subtraction: Use of Parenthesis; Multlpllca- 
Factoring; Highest Common Factor; Lowest Common 



FRACTIONS: Fractions and Integers; Reduction of Fractions to Lowest Terms; Reduc- 
tion of Fractions to Entire or Mixed Quantiti<^H; Reduction of Mixed Quantities to 
Fractions; Reduction of Fractions to lowest Common Denominator; Addition and Sub- 
traction of Fractions; Multiplication and Division of Fractions; Complex Fractious. 

SnCPLE EQUATIONS: Transposition; Solution of Simple Equations; Solution of Equa- 
tions Containing Fractions; Literal Equations; Equations Involving Decimals; Equa- 
tions Containing Two Unknown Quantities: Elimination by Addition, Subtraction, 
Substitution and Comparison. 

INVOLUTION AND EYOLUTION: Monomials and 
Polynomials; Squares, Cubes and Higher Powers. 
The Radical Sign; Theory of Exponents; Radieuls; 
Reduction of Radicals to Simplest Form; Addition. 
Subtraction. Multiplication and Division of Radi- 
cals. Involution and Evolution of Radicals. Irra- \ 
tional Denominators; Approximate V^alues. ' 




nCAOINARY QUANTITIES: 

ratlc Surds. 



Multiplication and Division of Imaginary Quantities. Qucd- 

Pure and Affected Quadratic 



EQUATIONS: Solution of Equations Containing Radicals. 
Equations; Simultaneous Equations involving Quadratics 

RATIO AND PROPORTION: Alternation; Inversion; Composition; Division. 

PROGRESSION: Arithmetical and Geometrical. 

BINOMIAL THEOREM: Formulae; Positive Integers; Finding Terms in an Expansion. 



OEOMETBT 

DEFINITIONS: Principles; Axioms; Abbreviations. Angles: Acute; Obtuse; Comple* 
mentary; Supplementary; etc. PardUel Lines; Axioms. 




L 



FUNDAMENTAL THEOREMS: Plane Figures; Polygons: Equilat- 
eral and Equiangular. Quadrilaterals; Circles; Measurements of 
Angles; Similar Figures; Trapealum; Trapezoid; Parallelo- 
• gram; Rectangle; Square; Rhomboid; Rhombus. Ratio and 
Proportion. ' Terms; Alternation; Inversion; Composition and 
Division. The Circle: Theorems; Area; Circumference, etc. 



SIMILAR POLYGONS: Definitions. Theorems. Areas of Miscel- 
laneous Figures; Equivalent Polj'gons: Rectangles, Parallelo- 
grams. 

PROBLEMS OF CONSTRUCTION: Twenty-oioe Problems in Gonstmctlon of Plane Figure*. 
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TBIGOHOHETBY ANS LOaAKITHHB 

TSIOONOHETKT: DrflnltlDHi: FunrllDna oC JlcuU > 
FimCTIOHB: Jnim One KuniMLi.n of in Angle lo Find 




Uurf ilmiTnu' 'surfj.'""* (Iio^i'iib "oround'l.kll- Prublems: TTZITW"?^ 
Khmloni nr (Tliini: IV'.h-«tal: minii.pj on Roof; KbII on jl | ' tt -'J 



Folnti: Line* Parsllcl ii 
PUnM; on PliiniHi Pan 
Bhadair or CTlliiden of 



-WASH DSAWmOB: 



FBE£ HJUID DBAWIMG: 



Cupltillc ltei»l>une< 



l^ianiliuUvu Placcn. 



A&CHIT£CTTJ&£ 



toXSTO&T OF A&OHITEOTUEE! Ancient Architecture; Bgyptlan; Amyrlan; Grecian *. 
Doric, Ionic and Corinthian Orders. Greek Tombs and Theatres ;^ The Acropolis; 
Roman Architecture: Temples; Theatres; Tombs; Triumphal Arches; Medieval Arrhl- 



fiOMAN<E3K3^rFll/«fKH3EI^ 







tocture: Romauesqiic; Gothic; Kiifrllsh Gothic; Early French 
Styles; Rcnaissunec; Italian; French; Spanish; Gorman; 
English. Clussic. European Archlte<>ture. American Ar- 
chitecture: Colonial; R<^8idences; Public Buildings; Churches; 
Commercial Architecture. 

BTTTDY OF THE ORDERS: The Five Orders: Tuscan; Doric; 
Ionic; Corinthian; Composite: Character; Proportions; 
Uses; Typical Examples; Parallel of the Orders; Columns; 
Pilasters; Base; Shaft; Capital; Architrave; Frieze; Cor- 
nice; Arris; Entecis; Triglyphs; Metopes; Volutes; Modules. 
Proimrtlon of Arches; Doorways; Pediments; Windows; Bal- 
ustrades; Colonnades and Arches. 

WORKING DRAWINGS: Details of Window Frames for Brick 
and Wooden Buildings; Details of Framing: Floors; Par- 
titions; Joists and Girders; Sills and PosLh; Rafters; Attic 
Floor; Roof. Dormer Construction. Tenon and Tusk Joint. 
Hanger. Details: Bulkhead; Fireplace. Details of Finish; 
Sliding Doora; Ironwork In Connection with Framing. Details of Gutters. 

ARCHirECTTTRAL DESIGN: Utility; Bffpct; Unit.v; Grouping; Interiors; Exteriors; 
Orders; Moldings; Greek and Roman Moldings; Pedestals; Arcades; Columns; Pilas- 
ters; Imposts; Balusters; Doors and Windows; Piers; Capitals; Spires; Form and 
Color. Ornament: Greek; Egyptian; Roman; Byzantine; Gothic; Italian; French; 
English. Plans: Rooms; Stairways. Entrance. City and Country Houses; Office 
Buildings: Light; Heating; Ventilation. Churches and Public Buildings. 

BTTILDING MATERIALS AND STTFERINTENDENGE: Limes; Cements and Mortars: 
Strength; Proportions: Data for Estimating Cost. Stone: Granite; Limestone; 
Marble; Slate; Testing Building Stone. Brick: Paving Brick; Fire Brick; Glased 
and Enameled Brick; Building Brick. Size; Mortar; Construction of Walls; Hollow 
Walls; Brick Arches; Brick Veneer; Fireplaces. Terra Cotta: Composition and 
Manufacture. Durability; Inspection. Setting and Pointing. Examples of Construc- 
tion. Iron and Stwl: Girders and Lintels; Supports; Bear- 
ing Plates; Chimney Caps, etc. Laths and Plastering. Metal 
Laths; Stucco. Concrete. Superintendence: Necessity for 
Superintendence. Visits; Setting out the Building; Inspecting 
Material; Inspecting Construction^ Costs; Contracts. 

STRENGTH OF MATERIALS: Stresses and Deformations; Ten- 
sion; Compression; Shear; Factors of Safety; Working 
Stresses. Beams: Simple Beams; Cantilever Beams; Re- 
actions; Bending Moments; Moment of Inertia; Center of 
GraTlty; Safe Loads; I-Beams; Deflection; Beams of Uni- 
form Strength; Continuous Beams. Columns: Cross-sections; 
Radius of Gyration; Designing. Torsion: Shafts for Trans- 
mitting Power: Combined Stresses. Testing Timber, Brick, 
Cement, Wrought Iron. Cast Iron and Steel. Resilience: 
Sudden I^nads and Impact: Elastic Resilience of Beams. 
Tension, Compression, Shear and Torsion. 

FOUNDATIONS; Staking Out. Excavation; Loads; Artificial 
Foundations; Timber; Piles; Bearing Power; Cofferdam; 
Wrought Iron; Cast Iron; Blast Furnace Slag; Retaining Walls; Concrete; Mixing; 
Laying; Compressive Strength; Period of Repose; Variatiyns of Proportions. Shoring; 
Needling; Bracing. 

MASONRY: Classes of Masonry; Culverts: Wing Walls; Pointing; Grouting; Freezing; 
Brick Masonry. Cement: Hydraulic; Natural; Portland; Characteristics of Portland 
Cement; Testing; Effect of Age; Quick and Slow Set; Specifications; Mortar; Pro- 
portions; Sand; Water: • StrtMigth of Mortar; Shearing, Compressive and Tensile 
Strengtii; Effect of Frost; Permanency; Data; Specifications. 

CARFENTRY AND JOINERY: Timber; Shake; Knots; Quarter 
Sawing; Seasoning; Kinds of Wood; Uses. Framed Structures: 
Joints; Sills; Posts; Studs; Bridging; C^loorlng; Par- 
titions; lathing; Trussed Partitions^ R<x>fs: Jack Rafters; 
Hip and Valley; Mansard; Gables; Construction of Roofs: 
Shingles; Flashing. Balloon Framing. Siding; Verandas; 
Arches; Celling. Joinery: Joints; Tongue and Groove; Dove- 
tall; Dowel; Mortise and Tenon; Keys. Interior Work; Waln- 

seots; Paneling; Door Making; Sliding and Folding Doors; Windows* Sashes; Glass. 

Splayed Work. Bending Wood: Veneering. Blinds; Hinges; Interior Finish. 

IT.iIR BUILDING: Materials; Terms; Classification. Construction: Treads; Risers; 
fitrlngers; Steps and Platform; Molding; Balustrades: Hand Ralls. Straight Stair- 
ways; Winding Treads; Winders. Open and Closed Stringers; Curved Stringers. 
Quarter-Turn Winding; Half-r'Uni Platforxnr Winding Stairways; Circular Stairwoya 
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ayifOK) tcAM 

PIEEPEOOFDni: 



BTEEX C0K8TSUCTI0X: 



t'ndn-wrKen: Slow Bamlng ODDBtrupllDti ; 
Connection*. TipM or ConMrudton. 


Rrqutrpmrnd of 
Stfol; Dculli of 


pri.li Psrta to br PkiI-'iMhI: Choi™ of Unterlil: 

.■b«: CumiurHon of Trrr. Colls nnd Conrrrte 
i|>eri<lHl CelllnRi: Furring: P.rtlllon.; Colnmn 


■ St«l" Gi'poxd'ffi 



OONTKAcre AlfD SFEOIFICATIOKI: CUuh: Drininc Up; lieila: CUusn; Si 

Condi'Dincd Ifolcrlil. PeDBlIlM; <x>al': Mantblj Eatlmair: Plnil A(r«ptiii> 
DitLun of "KnglnMr" tnd "Cunlrirtor.- SpFriaoatloDi: Fonm; CUdki: 
Workmnnjhlp; Porforminee; Spertflcatiom lor Stonv Work; Bnlldlnc; 
Cementl Mortar; ric. 

HEATIKO ASH VEHTILATION 



Lou trum BulIdlnsiL B. T. V. CaK^ulallom (Dd Tj 
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Wet and l>r)r BiMiirni; Valvpi; Pfpe 8lwa; Inffl. 




























I 


EipiiKiJun Taiik: Dletrlbulloni V»H« and plpea; 



Friction tn Pipe*: Pipe 
c Bam; KllPhcn Boiler; 
tloni; Cltcalallon PI pea; 



Bnmerf: BalBwIne: Flalilall; Bnnaen; Argand: etc. Cbandellfra. QIdImi 



ARCHITECTURAL ENGINEERING 



INSTRUCTION PAPERS IN THE COURSE 



Arithmetic (3 parts). 
Elementarj Algebra and Men- 
suration. 
Geometry. 

Mechanical Drawing (4 parts). 
Freehand Drawing. 
Algebra (2 parts). 
Perspective Drawing. 
Mechanics (2 parts). 



Building Materials. 

Trigonometry and Logarithms. 

Strength of Materials (2 parts). 

Foundations. 

Masonry. 

Statics. 

Steel Construction (3 parts). 

Flreprooflng. 



CONTRACTORS' AND BUILDERS' COURSE 



INSTRUCTION PAPERS IN THE COURSE 



Arithmetic (3 parts). 

Elementary Algebra and Men- 
suration. 

Geometry. 

Mechanical Drawing (4 parts). 

Working Drawings. 

Building Superintendence (2 
parts). 

Strength of Materials (2 parts). 

Masonry, 

Carpentry and Joinery (2 parts). 



Sheet Metal Work (2 parts). 

Metal Roofing. 

Cornice Work. 

Electric Wiring. 

Electric Lighting. 

Heating and Ventilation 

parts). 
Plumbing (2 parts). 
Contracts and Specifications. 
Legal Relations. 
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CARPENTERS' COURSE 



INSTRUCTION PAPERS IN THE COURSE 



Arithmetic (3 parts). 
Elementary. Algebra and Men- 
suration. 
Geometry. 

Mechanical Drawing (4 parts). 
Freehand Dra\/lng. 
Architectural Drawing. (8 parts). 



Perspective Drawing. 

Building Materials. 

Working Drawings. 

Strength of Materials (2 parts). 

Carpentry and Joinery (2 parts). 

Stair Building. 



ARCHITECTURAL DRAWING 



INSTRUCTION PAPERS IN THE COURSE 



Arithmetic (3 parts). 
Elementary Algebra and Men- 
suration. 
Geometry. 

Mechanical Drawing (4 parts). 
Freehand Drawing. 



Shades and Shadows. 
Architectural Drawing. (2 parts) 
I'erspective Drawing. 
Rendering. . 

Study of the Orders (8 parts>. 
Architectural Letterut^ 
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SHEET METAL PATTERN DRAFTING 

DfCLVDIVG MECHAVZCAL DRAWIHa 



INSTRUCTION PAPERS IN THE COURSE 



Arithmetic Part I. 
Arithmetic Part II. 
Arithmetic Part III. 
Elementary Algebra and Men- 
sura tlon. 
Mechanics Part I. 
Mechanics Part II. - 
Mechanism. 
Heat. 

Elements of Chemistry. 
Metallurgy. 

Mechanical Drawing Part I. 
Mechanical Drawing Part l); 



Mechanical Drawing Part III. 

Tinsmlthlng. 

Sheet Metal Work Part I. 

Sheet Metal Work Part II. 

Metal Roofing. 

Cornice Work. 
^Algebra Part I. 
•Algebra Part II. . 
•Geometry. 

•Trigonometry and Logarithms. 
•Mecha^iical Drawing Part IV, 
•Mechanical Drawing Part V. 
•Mechanical Drawing Part VI. 



'OptlonaL 



MECHANICAL DRAWING 



INSTRUCTION PAPERS IN THE COURSE 



•Arithmetic Part I. 
•Arithmetic Part II. 
•Arithmetic Part III. 
•Elementary Algebra and Men- 
suration. 

Mechanical Drawing Part I. 

Mechanical Drawing Part II. 

Freehand Drawing. 

Mechanical Drawing Part III. 

Mechanical Drawing Part IV. 



Mechanism. 

Mechanical Drawing Part V. 

Mechanical Drawing Part VI. 

Perspective Drawing. 
•Algebra Part I. 
•Algebra Part II. 
^Trigonometry and Logarithms. 
'^Machine Design Part I. 
•Machine Design Part II. 



•Optional. 
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